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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a stabilized 
threshold level by forming the first region of a gate 
electrode of first and second group IV elements of 
different kind and forming a second region of the first 
group IV element thereby preventing impurities doped 
into the gate electrode from leaking to the channel 
region side. 

SOLUTION: A gate electrode 4P, 4N has a first 
underlying region 4g formed on the gate insulation film 3 
side contiguously thereto, and an second overlying 
region 4p, 4n formed on the first region 4g while spaced 
apart from the gate insulation film 3. The first region 4g 
is formed of SiGe having a group IV element, i.e., Si, and 
a different group IV element, i.e., Ge. The second region 
4p, 4n is formed of one kind of group IV element, i.e. Si. 
In a complementary MISFET of dual gate electrode 
structure, the threshold voltages can be stabilized 
respectively using identical gate electrodes 4P, 4N 
containing first and second group IV elements. 
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Sffi 5:fflfflMMI SFETC7) ^ixmtCtil ->T IH— KjtX5gT 
fl^«L. TiT^y- h«SSffijtOfflfflSMISFETS-^fi!c: 
CI t* { T'^ l»«T\ y- hmSS£ffl1fMMISFETcD-£ 

£•£6 i fc -5 . § ffl^MISFETcomm 

tcfc^rti. mi<mm<r^mmmm^,x'^ixh^s 
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[0020] £O»5i<0#6 oWaii. ¥$ffct&lf @S& 

v , i mmmn*mmm t . ^^^±^ 
is i ffitfi*«s«os^i.^ < t i>m i Egj&TcS&tfis 

mmtm i Hi£?T^r®j£$tatxtr** i^/n&ge 
t, ^v?*i'^}i>&3kmcr>m2mt&±<o>'vy-4 pig 

JUJxK-T-y KKH LTteffiSft.&xL' 
^.-f "/ KflffiT'&S. xK-f'v h'mfii^mi HIS 
TcWcUSii*, iK-f'v K«®<7)^2Egffi£7E;»^ii 

-r >y 1 ffiisSiiGe<5Dfflj£it£4- : 5:< t to. lJil 

W3#4il^^CoSi y aX{±TiSi y «TS) -& C t L 
l>\ ffliiiSMISFETeDii-^ P^*;l-MISFETC7)*ffi*5 h 

CM$iil.xK-f7 KflSSlcU^-SK b t>Bj&% 

MSit^fc^iU^-f ••/ KWIO* 1 pl^tc^t 
ix&Jf^H&yt^ciOxl^-x-y KWBflteK— 

S^****^ ft->T. IK- 

t4<lims. xK— ■ r-y K^ffiOv-'J 

jM^^-v y r 2r its is3-/h* -mm<7)l£ ? & 
W&-Z-£&z\t-tfX"£&cr ) z\ xi/\_f. y Kflffifc^- 

*4. «-5T» *^«^[eI8&^III«&i&f^aEJK<7)Sar^ 



[002 1 ] d«0»!B«0*7^1«6Ji. ¥*£{tefc«[s]S& 

( 1 ) ^f««±iif«Btfc:¥3l*««*»«-tiXS. 
( 2 ) *SHWW*±K«a«»«:S^< t fcJBl 0361 

mm>bmmztix& 1 HssaRTjeasn^jB 2H® 

( 3 ) xt'^df ^^/Pj£^@com2fItS<7)^^< t i>— 
i^J:d*¥W«JM»Ii]||<oiBft*ffifc:*iV^T«. mi 

mm7cmx-mi$.zixtzm 2 Mis^iEHrtT-^ »j *m h ft 

^{±^»^tC»2HI^7cS (Mi.a&X«C) *^4ii 

[0022] zn?m<om8coi&m±. ^mwmmw 
( 1 ) MisFETtfoy-^mfigxtiHi^-^ y^mx-hh^M 

JHflS 2 0I£7C*T»J£ $ 1 ®m b . imffiA 1 ^ 

( 3 ) H«ffi^lS2M«{tfO^< b i>— Iff 

^«ta^««s^«Hlii|<7)MjS^tcfeV^TJi. ^7^ 
^04^i*^HI{?5^i5!jt*&T-1t ^ftSS&mi: Pitt 

[0023] ico*HH<0!B9<0»«Ji, ^tf^WSSS 

Mnm% &'j?%<bi>mi vsmzmmsm 2 mmmx 

2mMtam 1 wm7cmxmtftztitimsmb . misfeto 

*«?ios^^^< b i>mi wmycMRVts2mm7t 
mx'Bf&zti. ±wmfri>tmztitem2mm { miw 

■v K^ffit . y-l>«@<om2ffi«{^LT^$^» 

& 2 mm7€m^mwmz^tiKc^m i->v-*rj vmm 
b. ^is<-TvW.m(7)m2m®iz&LxBfiiZti. 
m 2 mmTtm^m'smz^ttiKc^m 2ssv*m fbs 

b. ZffittiZbX'hh* Z<OJ:o{zffif$.2n.&*mft 
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[0024] ^cowpwmi onftms.. *mmms\ 

( 1 ) a».cOS^ri,^< i: £>mi H&TcS&tfSf^H 
Ul7C«-cy-MftlftiHifc:»JfiS*in:*l««i:. mi 

mt&t tt-th . MISFETtfO^-hmffi, MISFETCDV— X 
F W >«STX» h ±««± t W«<0*8r S 4> 

t i>m i E^7c^25.t/m 2 vamTcmx-mtfLZixtzm 
i . ±»ffi3&»^«as*iT* i wmTtmx-Bm.z 

( 2 ) y- 2 mmco'j?* < t t-g&s- y d- 

4 FfbLTSSl^'J-'M F«BSr»J«M-4fcfcfct. X 
[00 2 5] 

[00 2 6] (SBKOSSSfeOMI) 
<-r^'-f *flt3S>ll 1 {±*^Bfl«0SS 1 OHHWHBJRtft 
h ^S*maiHggcofflMMMI SFETgfrfr £ 5rT Bfrffi* it 
12. 02{±ffl«MMlSFET<?)TOiaT"$)i.. 01ZWI2I2 

ts-s-idt, ^mffi^mizte^x^mfammmmz 

[0027] fflMSMISFETWnf-r^MISFETQnJi. 

m^mmm 2 xmm £ wt titzmi&ft t fc ps^ 

jitlffit&l P<7)±mi.Z&f$.2tl2>. ^Wnf-^r^MISFE 

[0028] ps^x/i^s 1 p<±, tmwmwL 1 ^± 

Bi»t»*3ii. ftv^TO**«*t»£3:h.4. 

Bi^2{i, *sraw»B»t*Hvc, ssasnbtSfissrsT 

I (Shallow Trench Isolation) X'MrfLZtl& „ -T3r*> 

izmfr^xB&ztitemt. z<7)mmzmm.2tinkwtf 

=Srfc. fSH^ftJi^i^te. 7 (LOCOS: Lo 

cal Oxidation of Silicon) X'J&tfLLX h <fcV\ 
[00291 03 ( A ) lin-f-r *MISFETQ n<7)l¥*B 

^WMmmm^mx'h^> . n^ */umisfetq ncoy— 

h imm 3 t»2M if 5nmi7)|KW-C^$ *t*:Si 0 2 m j 



[00 303 3js«tt<0JBJBfc:i3^T . ?- F*ffi4 N 

a, y- h letnR 3 «t ; coy- btmm 3 teg lt» 

Bl$il»l »W4 g±tm$ftfcJJItf>38 2««4 n 

^< ti: 2mm<r>mmm£X'M&ztLtzm$X'ibh « 

*2Q*0#JBt:fevvt. fSl»*£4g(2. ES867£*-C*> 
&Sifc, ^OSit(±^|,H^7C^-C$ ) |»Get^-ri» 
Si,- I Ge„-C»lft$Wifl»fiT*i. S2lH4nlill 
*OE9«7cf^T- J> -I. Si T'TBtS; & ft.rtHWfi-C* & . 

tfll & fflfliMMl SFET t 12 -f a T ^ Y- h m 
®ISjt* J S5ffl$ixTl^<7)-e, n^-v^/l-MISFETQ nO 
y- hmffi 4 N (clinffl5RKJft** H - h° >-^§ <i* . nM 

[ 0 0 3 1 ] ffl 1 C^-r i ^ fc. n^-r ^/WKISFETQ n 

o^f^is 5 h t &^*)vmmmb co^t=ffiis$ii 

iticliJKStifcy- MHt 7 tit LT g Si-^T«$ 

[003 2] Z\cr>± o^ftt^fl&n^-^^/PMISFETQ 

ti-UlM Pti8G^ ±m^5t>-'J-^W Fm®8 
Mj6***t^«SRWt«N«S*tS . v-'J^ HmSS8G 
{2. HiatXia3 (A) lc^-TJ:a^, y-hSSE4N 

y- h*Ss4N 2 M1S4 ncOi^'J lf>f Mb. If 
»C<2±m®5±<7>>-'J- , M Hmfii8Mhl«l— IgjtXg 
Xfthtl&WV-A FfttJ: S2f«4 n 

SnS. *^lfi|£0ilg©tt3V^T. y'Jt-fHtl8Gli 
CoSi„jWC#JSS*li>. ^fc. S^y^-f F«^8GtC(2 

fl&tTisi,iiA*sifflwtfiefflT'*i. >-y^-f k««§s 

M(2. 0 1 {Ztf&X o t. 5 . 3¥MtUirrM1li 

aiStfO^^ffil^ 5 H ±.lzBftL2tl. *m&&i& 5 HC0 

^'j^-f F^t (-9-yiM F-fb) tj:o?Bfi£$n-s. 

■9"^ Fmffi8M{2. ^'Jtf-f F«fl§8Gt»*Wt{2|3| 

«®8 g t mmizcdsi y mvm^ti^ . 

[0033] — fj^ fflMMMISFETOp^A-^/UMISFETQ 

pit. 0iatxH2t*^-«j:ot. m=Hmmn2vm 

HfcHitatmHrttfcvvtnffl^x/M^l N^S 
izBtiSLZixh. CKOp^^PMISFETQ f>ti&-**M& 

&mmbLximi*ii&m>yx)umt&iK. y-F*& 
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mur3. y-bmt& ( marcs ) 4 p. y— **ffi. h 

[00 34] ni>>i/l,f«lNI±. pi^x/HtSlP 

fx. lk«Wfi^«ft«*fc:ift3e$*tS. 

[00 351 13 ( B ) tip^-r ^PMISFETQ p CDffiiffl 
3rgg|5»ffflfl§3tiaT'J>.g> . p^-v */WflSFETQ p «y- 

hfgii£J8t3tt. nf"**/HUSFETQn*>y— h««3fc 
PJ— «faxSTB-»«Mit:msn. «i.tESiO,Kr 

[0036] n-f-v *;PMISFETQ n coy— hM&4 N fc 
K«tCpf-* */l-MISFET Qp^y- h«ffi4 P 54. y— 

htmmmtzzcr,?- h*e»j&3 c« lt^jss fx* 

T«<0»l«W!4gfc. y-HC»K3i:tt«BI$*UIS 

"CffMSfx* . m 1 «i£4 s \i*mMcr>wmizio^TSi 
i-^rm&ZMiMttth 0 . *2«US4 p«Si"C» 
fttZtltzffi&et) h . 7" jl T;py- MESft&CJ: 0 . 

P y-r *;wiisfetqp oy- bw&4 p fcutpSPFWiw* 

[0037] HI fcSjrTJ: 3 fc. pf-^^PMISFETQp 
!±X?Xf>f ••/ F '/-X • F W >-KjtT-m§ fx, 

6 « , ^mawy&com^-mimm 6Ht. z 

<r>¥m#ffi&6 Htft OiatiHRS it 

^ffi^WHM^piBiNmMIH 6Lt T»J£ $ fx 6 . 
¥SSfls«&6 L«y- h^4 pk»lt ee«£--c» 

jft^fxs. ^Mww*6Htiy-h«ff4Paif*o«r 
*K:E»s*ifcy-vffl«7 t=»LTieiE*-c»*s 

tLi. 

[0038] Z<T)£ o lClS^$fX|)pf-r^MISFETQ 
P lZ& WCte, n^-v^;W4ISFETQ n fc RfilfclffiffiiiMb 
*H4fc*>fc:, y-h«S4 PfcS'iJlM HtS8G 

±««E6(3^'J-if^ H«ffi8M*^fx-?--fl«m6^^ 
SNtSfl*. ^UtM F®g8G(4 s Hi £1533 

(A) (C5jcf y-F««4P<0*2fHW4p± 
(301ft3ti&. S-UlM Htt8GU. y-h«S4P 

co^2««4po^y^-f F-fbK«k 1 9«&£$*x. S2i 
«4p««wr< t s^uim H-fb (imjim f 

ft) -fSitfciOJBJfcSfxS. ^'J1MF«B8M 
f±. Bite**-* 3*=. ±® fii 6 <ni^mm8L<r>*& 

-fb (-f ihm Nb) Ki*)»jas#L4. s^y-v-f k«s 

8G. W?r4 h'tESSMfiU-ffltCoSiylfiT^S 
fx£„ 

[0 0 3 9] H4<iy— F€fl£4N. 4 PcO-f fl-ffx<0 
£IS (ITU^ FftmJcOfliB) (/xm) fcSi 

Ge$flj£Jtfcc9M^£^0T*a5.&. *|g#6co»©tci>^ 
T, y-hSffi4N. 4P(*l>v$*M,0.15/*m«)ltV'?- 



ffM*iX& . 8$ 1 pIH6 4 gsTDJIS {40. 05/z m (CffcgS 
fx. S? 1tR$ 4 gCOSi(^fflR!U±(iO. 84 (C, Getf>|flj£Jt<i 

Sio.86Geo. 16 T*®fi!4$fX?> s »2^Hg4n. 4 P 0^fX 
^tlCOmZi&OAOumizmfcZil. m2im&4n, 4p 
CD-ffX^fXtfOSi COfflfigJttil . 0t3f£j£$ fx* . 
[0040] 05 liny -v */miSFETQ n coy- h flffi 

m) tSiGeffl^JttAsiiiai:£OM^*r^aT-3bi,. R 

m5izttnm^tm < F-y-) t ltwas«k4j-^ 

Ji . ±«ffi 5 £0SPf*fi!t«8K^*«@« 5 H 
*fe«K^«s?&>f 3|-yaAt J: OHHKftEBTy- F* 
SE4 N(CK-h°>-yL^lC. ±«B50SStt^br~- 

y-h««4N0DAs»K**L. aaw±siy-h«tt?3 

tmwcMz* y-h«tE*ffiffli*^ K-eyy$fx7t 
As^y- f immz&attftt&wiziir t wt\ 

^AsmKoteTtiy- rxmmizy-himm 

tt£lHb£ -^Ttr 0 . M0SFET£73HifP3JK$rffiT$-ti'T L 4 
[0041 ] ifXtC^f LT, *9m<7y&mz&&n^Ar 

^/l-MISFETQ ntCi>V>T(±. f— hV&4 Ncoy- h*6 
ttK 3 jfffiHiSiGeT'^fig. LfcJB 1 fS«4 g SrlE^ LTfe 

o . Geo^mT-y- h imm 3 jg^^AsoffiUc^jS^^ 
o x -r^^ y- h &mm 3 is«io^«t=*>ft: -5 x 

'SrAsiftgSrJIft-rSClfc^T^S. Si 0 . 8 6Ge 0 . 16 4'(CJd 

(tSAscoffii&fi&iWi. iooox;oaLgeawiTc*ji^T. si 
im&n±mzmtenw&im<QmaizwLxte. m 

X. (4'A . Ny 1 andsted , S . Yu . Sh i ryae v , P . Ga i duk , and V . S . T i 
shkov.Nucl . I nstru . Method . B120 161-164 (19%) Cia^ 
£>fxTVvg,. ^rfc. ia5tC^-rAsji>S^(iSiefi;Si 
o. 86 Ge 0 . i e 4> TOAsfgW^ISS: 1 1 . 

tot. y-ht®4Nm>t. ^i?i«4g{isiy 

a#» 5nanmmcr)<y-htmmzttix7-y~w. 
mwzo.5mc7)m2x~gzmtfmL-t&<?)x\ mi mm 

4 LV^. § m 1 fflJ^4 g<OGe«0fflfi£J:b<±3t*tCAs 
^KUt^^iS^-l. tzMzO. l&±£Rte*tl& Z k *>' 

1 0 0 4 2 ] y- hm®4 NOS2««4 n tCJiS 1 S 
(A) tZTrk-rZolZisWi H«S8G*«ffM$ 
fXTfcO. m2«tS4 nim4R.Vm5t,Ztt JiOtZ'J,- 
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ttffl-rs. v- 1 ;^^ Mbiii2«iS4noe 

LSdGe (XttC) #g**Wfc:***l.$r^. #Ji.tf40nQ 

£\ lnmcOJKH iOCotM LT3.63nm<OJllSc9Si 

L, 3.49nm«Oj^il<73CoSi 2 ^^fi)J$il4(7)T', 41.6nm 

oawosi a^ic&s . *m&<mmiz&& y- hm 

41.6nmJiUt^Klf ?r*-rSffi2ffliS4 njPftlfflUU g 
±^Sc$tl-g)„ flliJf, Z.Wang.Y.L.Chen.H.Ying.R. 
J.Nemanich, and D.E.Sayers,Mat.Res.Soc.Symp.Proc.V 
ol . 320,397-402(1994) iCiiSi is >J -»M KJllCjt^ 

[004 3] 06{ip^-f*>WlSFETQptf>y— hM& 

06iC^-fpS^*6!fel (T^-feT*-) kLT<OB»K» 
. 6 OTi^i&^JgiO^frlg® 6 HSrf^fiK 

-r^^<7)BF 2 ;*>&AiC:,fc 0 SJgXgt*y— 
F€ffi4 PtCF-f^^L^f^C, ±m©6^)vStt-fbT 

xmMnBmizm&siGeTmtizztitem 1 «^4 g £w 

•TI>y-FSfii4Ptf)Bi&K£*U 5£ISHiSiy-FS 
ffi<OBj«g£^t\ Siy-FmflgtCfc^Tfi. B(D$Lb&M 

JBfiftSiStcifftT Ltd. Jiwio &B«miM0SFET<7> 

[0044] ZtllZttLX . *Jlifec0ff^tC^4p^-v 
^miSFETQpfctSl^Tti. y-h«ffi4Ptf0y-h*g 
«K3ifi«tCSiGeT»lftU<:J(Sl««4 gfcffiKLTfc 
0 . GetfoasSirry- FS^M 3&i§<7)B<7)i£ffcffl££$ 
*£>t\ ^-Fl?Bi4Pa>£>y-F 

*e8& 3 s-jILt^-v ^;i^A«f«oafth. ( B^y- f 

IftfWR 3 ££t&£fc#&v\ Si 0 . 86 Ge 

o. l6 +£fc{t£Bc9i£a$:«gct2, 10arc<aaft&K~F(C 
*3^T. Si4><OBC0t£fSr^^Jt^T0.5M).ima J K(3 

«I*IJ-t & i i: #T'S & . £ OGe<?5ffl^tt;^±^-{Cff 9 B 
<0t£ttfiSS:<?3^fcBa LX (i . M^.<fP- Kuo, J . L. Hoyt. a 
nd J. F. Gibbons, Appl.Phys. Lett. 66 580-582 (1995)^ 

o. 8 eGe 0 . ^fcT'^Biltffff&Srli; Lfc*££jjc*\ 

->t. y-m4PfcBn-c. ssi«t£4 gttsiy- 



/¥$<2^< fc *»2i«feLh(c»SgSfi., ft 1 W&4 g<OG 

[0045] HU^Onf-A- */PMISFETQ n CO?- F WM 

RVm 3(B) t,zaki~£ olZisV *M Fttffi 8 G^J& 
SftTfcD. »2««4pli04ar^l6(c«rJ:dfc: 
^<tt **)±W<0— S8£ U 1M F«E 8G$r^fiS, 

*>. v-U-^-Y K-ft<i^2^4pOffiHl*irfi : ipix. v 
U-f-f HJl8Gt{±ffiCtfiSS-li2ipLTt*-5Ge (j5Ui 
C ) **SIWW(c** ^=5r v> . y- M:© 4 P icti v ->t 
ti. >-'J-9--f K<ffc(=J: •9Si*nft'*$tL&41.6niDJiLhOK 
I^Wi2IM4 P* 5 milB^4 g±(^JS^il 

[ 0 0 4 6 ] El 1 tC^-T J: 3 fc. n^-v ^/l^MISFETQ n 

y«fii (llji^mfii) 1 2W^il^tL^^LTe^l 
5*5«^B<«C^$^i>. pf-v^PMISFETQ 
P<7)±«^6(C(± S y'Jt^Kfl8M, 3>^?h7 

[0 04 7 3 ^V?? YT=7?W&\ 2ii. nf-^^/UM 
ISFET Q n . pf-^r ^I^MI SFET Q P CDZflZtl 5:S 3 Wffi 

mm i o tz&fcztitz&mi 1 lrttraRsn. n^- 

■Y^MISFETQ n „ py-v^-;PMlSFETQ pCO-^ft-fixtc 

4. *^SS^ff^(cfcV^T. h7-^y^fill 2 

ti. TiJ^l 2AS.l^Cl^Ti)ll 2A±(2««L/iW^l 
2B«gMtM?^. ^Si^Ml OfiCT^Ji'Si 
s N,ilO A&t/BPSGJg 1 0 Bcr>m-&mT&f£2tlZ> . 
[0048] eQKl 5(i=J>-^^ h/7/til 2^S 

3i»ki3±i:m?<i. zcr>mmm&mi3i,z 
m^ti.timmii4i:mLxmmi 5tn>??h?- 

^MISFETQ n , P f-v ^PMISFETQ P ^-^il-f^t^fc 

icujs. Tin, TiNjso-en-ens-«<xaia-&*j-<j:fe«'& 

Wtm&tlh. JUaffiHRl 3<iMi.{2'Si 3 N 4 )Rl 3 
AS.UTEOSJS 1 3 BtfO«-^HT«$^i» . 
[0 04 9] Srfc. Hltcti^tTV^v^^ EI2^S 
«!?L1 lO^Jr^f nf-v^MISFETQnCO 
y-Mffi4N. pf-^^/PMISFETQpcoy— h«iBg4 
PcO-f-n-ftt^tHU^eOx'J-y^ KI8G. 

y^rmmi 2<r>*:ti?ti*-ft&Lxw&\ 5*<«mw 

\,zfflgiZtiZ>« 

[0050] <mm7a*:X>mz, HU^MISFET$-fl 

mmi 9im&Tn*x£&m&xftmzm-rimtm 
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[00 5 1 3 ( 1 ) #ISASi*»4> ! flr*«'F#tft« 
SFETQ nO»J«««fc:*JV^ ^atfMHR 1 0±BB»fc:p 

S«7:t;m«iP£»jftU p*-**;whsfetqp*># 

INJMtl. (H7#!S) . 

[00 52] ( 2 ) MlSFETBl**tr3!S^»««ttHait:*J 

IR) . iliffi L<li^tti7f y/T^3SMS l 

•m^tsisswcxv-f-v^tff a i biz* vmr&t 

t5*/M*^WJ7y>/ (CMP) & 

tuck nsio 2 mnmmiziz¥iBit>>mtf%zti& . 

[ 0 0 5 3 ] $r*k *HHB«*2(in-*--v*;WIISFET 
Qn, pf-r^/MilSraTQpSSWNWWR^SWlKLfc 

[00 54] ( 3 ) H7tC^-fJ:a(C, rtf-v*/UMISFE 
TQn. p^-v^MISFETQp^-e^im^fig^tCfc 

i . &mmm 1 <o±ncy- htftttit 3 

s . #iai«ojB©fc:i3 ^xy-b smm 3 tuiUHttt* 

[00 55] (4 ) B8(c^4-J:?(c. y-M6KR3 
±£-£tf¥i£tt««K 1 £Rt=y- h«&ft?£R4 0 

(Si 2 H 5 ) *'xt^?y (GeH 4 ) #xt<oi 

mza^xn. si 2 H 6 ^rxi:GeH 4 ^x«o-eii-rtL<o^ 
#ffiRwtjs«a**aca«i»-f 4 i t *= «t o . y- bm 

«#J«R4 Oil, y-h^JP3*^Oggffi(CjEtTGe 
<9fflj£Jt£ffiSfc3Efc3-t2\ Si , . , Ge, *»6>Sr4* 1 Rtt 
4g. Siri^&&m2^JsHm<^ix^h.£^&y- 
N«ffiJgJ^S4 0 $r^-T4 £ b WX'% h . £ <0>toftfc: 
*3^T^2fi«4m{inS^JsE^I. pSTfct^Cvf ftt 

[ 0 0 5 6 ] m 1 fHHS4 g{±. Si 2 He^'Xc7)»S^5scc 
m. GeH 4 ^"XCOgia*qsccin, j£Rffi7J#*1.3xl0 2 Pa. Jft 

4 Kjp-f «k 5 tCGe<75il^tt*>'0. 16<55Si 0 . e6 Ge 0 . 1 6 T'JIM 



4. R2»«4m(i. *ia«4 gtgitasaEBtwt 

l«R3*U SijHa^oaa, J«D!E*K (fcsij&go-?- 

ft-filCO^rttit vfft t^^-f £GeH 4 #*.<r>gg*£0scc 

Kffl|ll*iat284J'IHIfc-?-ft.-fn«ISr4. I<«littT 
fcfclAT . 2^t£4 mi±Ge«OfflrtEJt*»'0TSi <9S§j£it 
*n.O-r^*,H«W(wGe^^^^^Si £ fc 

m2m®4 mtiO. IOju mWffii»T'j£ffi!$ix 
4. *HSfe<73^®t;*JViTJi. GeH4^cO»gl:*qscciD 
a»^«£Qscc!n£^fc$if-Tl>S^T\ H4 tC^jrf ± 
0 lCGef5fflj£Jtl±y- M6»|»3*»fe0.05ju nKOgERfc 
*i^Tft«(C»^4. »2flW4mfctSOTIi > iWr 
<tt^l>lM K-ffc (salicide) lz£ 9 •< 
8G<7)^(C?ft'S$ixSgl5^>-^< fc *>Ge<7)*§j£Jt£- 

[0057] mi^4g<±SiH 4 ^XtGe 2 H6^" 

i:t>T^5. ^l$Iii4 gtiMBE (Molecular B 

earn Epitaxy ) mX'm^th Zbi>X'£&. 
[0058] (5) 09tw^-«t3C y-h^^fiS, 
S4 Ot^N'^— nf-A-^PMISFETQ 

n , p^-v *;misFEiQ pco^ti^timmmmz y- 

ttx-y^vyrfrbiiS. 

[0059] (6)iiOC*fJ;o(:. y-Mffi4 
<7>$m*f8.o 4 A 5r ffM-T 4 o *fef*)Bl4Atc(i0iJ 

lOtwamsfmizmmvzi. 
[006 0] (7) aits x^xfyfv Hy-x • k 
yyu-txzmii-?&. t-r. mi 1 cscrj: a 

nf-r^MISFETQ n<OJg«®«fc:iJV^Ty— Xlg 
^RT/ F W >-®fii t LTffifflf S-*=fO±mflS 5 £J£ 
fi^-r^^tZ, iK^!fi!l«JK«0nS¥^«!«1^5L$:^ 

^m5Ul y- h^|B4 . 
St 2 S.^>y -r ^-/UMI SFET Q p cr>Bf$.mi$&W.? VX? 
2 0 SrW^BaaA-?*? t LTffifflL, *>&xm 
izj: OpM^x/HIttll Pc7)±Mgp^nM^ft$: H-t 
>y-r&Zbl,zJ:K)B&LZti&. 7X^2 0Wi7*h 

^rAs*5ffiffl $ix4 . As(c« LT A *>&Amz}Hf&%. 
Ax^;^fi{ilO-50keV. H-XfiJil0i«-10i5atoi«s 

J3V ^TAscoaA^^/l-^'atilSkeV, H -XS{il0 14 ato 
ms/cm* iO#:ft*>'<Sffl $ ill. . 

[006 1 ] (8) Ml 2lZm-tXolZ. py-v^HIS 
FET Q P cr>B&Mmz}5 X ^X V -X«SS.t^ HL^f 
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m 6 L l± . y- h fcffi 4 , X^JIfHi* 2 Sl>'n^-v * 
^HISFETQ n(7)BJ$Mi&Zm 0 2 1 

mm i N<v±m»izpM?Fffl»* H-tr>-^s ; t tc 

iO^^iX-E). ~?X7 2 1izl,±-7X7 2 0tmMl,Z7 

<OJ^JS t*3 WOF 2 <Oj±AX^dfM(ilOkeV . F - XS 
lilOi«at<»s/crfOD*fr*«ttffl$<i4. pSPFWHi 

[0062]^, 1?aj^As, BF 2 (7>Ztl?i\(7)J 

[00 6 3] ( 9 ) 01 3tC^jrf n^*;PMlS 
FETQ n . pf-v */UMISFETQ p cr>* tl^tlWBf&Mmz 

*3 1/ y- f«h 4 <7> wc*e^4 As^Lty-h 

WM7 Sr^Jfrf 5 . y- hfflM7ti2f^Stco^(-fc^ 
TSi 3 N 4 JST'^fSt$ilS. y-F«S7ti. CTiJi'fflHC 
vm . X* -y * £«^j£Kttflf T^NMcSfii 1 ±O^E 
fc:»(RSfi.fcSi3N4KC«ilL«:«UP^Cffl3'r4RIE» 

[0 0 64] ( 1 0) HI 4lZ5jk?i. ol,Z^ nf-v^VM 
1SFETQ n O^Bg|iJ^(CtJV ^T— 5 

■tft. ¥zSttffi*£5H{i, y-h«S4. y-hfl8S 
7 , S?#fiffitt 2&l»^-V *^MISFETQ P cO®J&« 

U ^^aA^iOpM^i^ffitSl PcOJESSSlCn 

js^s^^ffljfMMisFETfix^ TJi>y- hw&mm 
zmm-? &<vx\ nwmmay- Fm@4 tz t F-t 

m.i&4 sS.^2ffl^4 nSrW-Tl>y-Fm^4N^ 
j££:ft. 6 . 7^^2 2 iziiy thijy y ? 7 -r KWT'fl? 
j££*ut^i;xF^x?a*teffl$:h&. nSPp^Wi 

Hfft^»^tc*3 ^TAs(7)iiAx^;l/^i(i:50keV . F- 
XM{±3X10 15 atoms/cm2<5D^f47!> { ffiffl$iXl. . 
[0065] (11)115 t^-f J: •? tC. pf-v^/Wl 
ISFETQp CDJEMffliSt: fc t -*f 6 ZBfcf 

*Jt»(C. ia«TSfifi!lji«(7)pS^^^6H$-^)i!4 
■fi. 3 N5#^$6HJ;i, y-FSH4. y-FfflJS 
7 . fSs^M^tS 2%.XSn+T */miSFETQ n crm^M. 

i&zm o vx^ 2 3 &w^*gifeaAvx 9 1 Lx&m 

L . 4 **si&Xmz X 0nS«7 x/U«fcS 1 NcO^SSfflCp 
M^*£ft£F-t>^t-6ifctc±^l££;ft£>. y* 



Ml4i:i, K-evySix. ^-ix^iipM^^'F 
-t>-yS;ft.fcSli««4 gSt f I2Si4p?:StS 
y-F*ffi4Pa«J©£3il4. 7x;2 3i:li7tH'J 
««T ftM£ S U F V X ? # «J|| $ tl 

^fc^TBF 2 coaAX^/^i(i40keV. F-XJtiSx 1 
0 1 ^atoms/cm* <7D^**ttffl £ix.g> . 
[0066] ( 1 2 ) T--»s$:'iT<,\ <<*y&X2ti 

— RTA (Rapid Thermal Annealing) ^Tlf^ix. 
Nz^'Xl?!!^, 1000°CcoiaJST10#P H W^n^». Z\(F> 

865*^«$<X. nf-^^/PMISFETQ n ifti&SEfiZt 
h, *HJ6<7)ff^CtJV^T. nf-V^;UHISFETQn<7)^ 

^ivmm^mr 9 -t ? 9 -mm±\<$ 7 - 10 1 8 atoms/ 

cm3aS. 5 <7) K-y— JJU^iilOi 9 — 10 2 1 atoms/cm3 

mm. ±mm 5 com^mz 1150— 2oon«g«T®j« ? ^ 

. nf-v^MISFETQnCOy— F«®4 Ntixj-T/l' 
y- Fmffi«itTnM(ClS^$fX, nf-^r ^-^MISFETQ n 
Ji^S^-V^-/PffitC^:a«OT\ nf-v^;WMSFETQ nii 

0. ^ifc#M6L^6H;&^&6±«®6#^$ 
iX, pf-A'^/l'MISFETQp^tKJ'^-r^. p^-^^MI 
SFETQ ptfO^-+^-;WFM«ttcO F'^-«KI±10"~10i 8 
atoms/cm 8 MS . 6OT^W -)gJKf±10i 8 —1 

1 atoms/cm 8 Ws.. 5 SOjf ^$^50— 200nng 

STJPM^ix^.. pf-A-*/HUSFETQ P c7)y— F«©4 
PttfiT^W- Fm®«itT'pS(cia^$ix, P^-r * 
>UMISFETQ piiaffi^^^^St-^I.^T", pf-^r^M 

isfet q P imr -v */i^<wwai^iMK««<oasa 

[0067] (13)111 6l,Z7jk-tt. 0 nf-^^PM 
ISFETQntfOy— FAS64 N±tC>- 'JHf H1S8G, 
iSSSlCy'Jt'f F«8ffi8M. P -?-v^MISFETQ 
p£0y-h«®4 Pildv-'J-^-f Fm®8G. ±m®6 
IXZis^A K^SSMfO-tti-ftltlBIHKJSXST?* 

t£-r -s. . ^mt^mm iz& v >- u f«® s g . 8 

Mtf5-MH'*U«-U1f-f F-ftfcJ; SCoSi y )K-C^$iX 
CoSi y IK{±, ^-ry-FSS4N±. 4P±. ±« 

^5±, 6 ±«o -eix-r atc#^T h imm ^Hsii, y 

-Fm®4 N<7)SfS 2^1*4 n. y-F«fii4 P^2« 
ffll^6HiO-?-ix-? ; ix<7)^®SrI8tll$-»i:i>„ ^l^igg^. ¥ 

zM<Kf8m?&. com. ■nmi^^ixhmtifx^-y 

9 U ^y^T'R^ L , ColWiMi 11 . 5niDC7)JgiJlT'^ 
$ix^„ d^Co)Kiil^B!'fkttl?Bim4'» 500°CO?SSr6 
08-^^T--;PS-ffof ) :f^, TiNmRt>'*SJ£OCo^$r 
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Rfc*L . §1 Stt# 75(TCOiS£T30&ia<9T--^*:fir 
d 2KBT-— ;Uffil=«J: O^'JIM F-ftSft. 40rui<7)|g! 

28HJT--/kffiJi, CoSi*^CoSi 

y H«ffi8 Gt8Mb comcoy y : Jyyem±.i 

[00 68] Mi^i^C. nf-v^;UMISFETQnfciJ 
^T. s'IJIM K«S8G(iGeSr-&i^V>SiT'^$n 
fe*21M4 nO-g|5£Stl2«J£4 n*>«ffl|*1?^Dtf 

8 G(C{iGe;&>*-££ \ RUWC, p-f-v^/WMISFETQ 
pfciJWC. >-'.J-*M Fmffi8GtiGe£-£-i$rV«iT'fl2 
JSS<tfc»2««4 PC0-S5^^2««4 ptf>«HrtT 
s'yiMhMt^4£fcfcJ:9»«3i'i.&<0T, 5/ 'JIM 
F«ffi8Gfc:iiGe0*-££*v5:V\ ft-sT, s^'JlM 

ffiSMISFEUcteVvCfi. n-f-v^WHSFETQ nCOSSl « 
®4g&tfSS2«ig4 n*ftSy- pf- 
-V*/PM1SFETQ P CDS! 1 ffli$4 g&tft* 2fRW4 P £1T 

[0069] (14)017 tZ^k-tX 0 ¥>5*ffi£ 

i -tn-zmzmmtrnm 1 o *jww & . maiieiKK 1 

014. *mi&V>&miZt3^Z , X^y^'J^yffiTfiJcil 
$<X^Si 3 N 4 IlOA, CVD&T'j£JBI£:h.*:BPSGJg| 1 0 B 
0*fttfft.£JC<^JB^4£fcfcJ:9#lftSfi4. SIB 
fettffil Oc^ffiti^Stf /^rt-^tf-'J -y 
lei 0 ft*. 

[00 70] ( 1 5) of-^^/UMlSFETQncO^'J-^-f 
Mg«S8GJu 8MJi, pf-v^PMISFETQpiSO^'J-t 
^Hti8G±, 8M±lCfcV^TJiraffiii*Ml oizmwt 
fLll*#J*U Hi aiz^-t&oizj&mil ift(,za 

SSI 2«4. ^^OtcOJBJIIKfe^T^-y^y^^itT 
flWSfUfeTiJRl 2 A, SiRCVDST'J^^iXTtUJKl 2 
B<0^-nm?rJ«»5B«L, Wflgl 2BtfO«MJ*>4.^ 

SSTL 1 1 mzWMSt? h w k & . 
[0071] ( 1 6) Hi 9t^i"J:d(2, juanewR 
1 0±O±Wtc«ra^lKl 3 JUBHBttK 

i3(i. ^^tfoff^tctjv^T. xk* ? »j yymrz&L 

H$ft£Si 3 N 4 B|l 3 A, r5XvCVD£Tj£M$:fc.*:TE 

osffitl 3 Bco^fxm£Ji8<$:«/I-f & i fcfcJ: 
[0072] ( 1 7) uyffYTy-mmi 2±izii 

^xmsmmi 3K&mi4£?§a£L (iai# 



m.) . mmcomnz^-txoiz. mm&mmi s±tzm 
r. khi 5«x^-y ?y vy&i-j: otih. i\m. a 

[0073] ^COJ: 5 t»rtt§*l.44^at<0JB«tI«* 
^fitefcSrlllSStCfc^Tte, p^-+^MISFETQp<7)y 

4 g izm 2 mmtmxh &Ge*«* 4 tiz, < xutca«** 

*U mffli£4gteSiGeX{4SiCTJgl££*l&) <7>X\ 

TS*. iot, P^-v*/PMISFETQ-pWRHi1KE*S 

Srfal.Z-t&Z.ttfZ'^Z,, $^>(2, n^-A-^MISFET 
Qncoy- N^®4 N^y- h^M3(ilCKIS$iX^ 
iBl<S«4 g(=»2H«i7C*T*4Ge* t *4n4 
KUUiCA^SfU SE1««4 giiSiGeXfiSiCT'ffM^ 

mLg&imL. y-h&m4N<?>£mzfrtzizmz 

IW'TH. ioT. y-KS©4N|*|^^^^ 
KihT h Z k tfZ't . nf-r ^;UMISFET Q n OSfiiSffi 

y- bmffi^itcOffl«SMISFETSrfi|^^^*m«lHllfS 

ictJv^Tti, *iatx»2iaiJi7c«**tfRi-«j*<?5** 

- h1fi§4 (T»<^»HB«4g&W f JJitf l )*2««4 
m h . ) «<*fflT'P^- -V */UMI SFET Q Pl nf 
A- ^MISFET Q n nZtl^tHrfflWEB* ffl*HZ&fflk 

[0 0 74] *Sf^«[l]S&tCfcV^T<±. p^- 

^^MisFETQ P oy-M^4 pcomnm<<zm2mm 

7€mX'fo&Ge$:-£&ti:\ / ->m2ffim4 p. n^-^^MISFE 
eS:***v«2««4 ncO-Hx-fftS-v-yiM H^t 

K^t) -r&dtt-io^yir^ h*m«g8G$- 

J&£LT l * &<?)•?•.. S^'J-y-f H«ffi8GtCli|g2QjK3t 
**^i^v\ S!^T. S^'JIM K^i8G<0ftjSiI 
«T^$-*4^i:**T&. pf-^^/PMlSFETQp, n^-^ 
^/l-MISFETQncO-€-il^il£7)X^ y^>-^i!)#jIjeo^ 
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[ 0 0 7 5 ] S^tC. 4m««MlliI»<!D«ja*afc:tJV^ 

# i Ir >SS 2 m& 4 p £ #t -5. Pf- -V ^MISFET Q p CO 
hmM4 P. SS2«*£4 n £H"r&n^A**/l-MISFE 
TQntf5y-h«E4N<0**t-m*»«L, tf52«i£ 
4p. 4 n<D*tl?tL<7yJ?%< 1 1>— 3e£^'J-»M h'-ft 

mrcm 2 H»saR*9iwwt:*4 *m 

ft£±SjD-fl»^i:^<, gates' 'JIM F«1£8GC0J8, 

[ 0 0 7 6 ] ?£>t=. ^#m«IIl&co§^ri£Kfc^ 
Ttt. SBl«i£4 gM^2li4m^ttSy-H 

tJ^tmiiOT, y-htegSrfflfflffiMISFET^-?- 

[0077] ( as 2 nmmcomm > ^sscojgisji , no 

SFETcoy- Nm<7)H)^7ESOffl«Jt2r y- b*63iJla> 

JKfctfi £ n^- -v */PMISFET Q n CO f — V WM 4N,pf-r 
^MISFETQpC0y-hm®4 p cozti^turmw (V 

MfcffitfHMB) *>^C0^§ ( M m) fcSiGe*flf£it 
kC0KH$£*rfllT*.5>. 

tOO 7 8] m20iZ7frtir— hS«64N. 4 P«igll 

co^}gcom®(;# •g.^f^maiuss t mmiz \ ^ti t o. 

15/xmC0K«T-}fM$ilS. £SlfRi£4 gCOJ?${40.05 
^mcts^^ix-i.o miffi&4z<7)smmf&S£\±*> s -h 

- bmmm3 fremiti izfe\,VT§mmzfr-om*?i}Hzm 
mth. y-h«fe»K3iM{;j3^TSicofflfieifc{io.6o. 

m2m®4 nX(i4 P«te*HvCSI«0«|fciWil.<)fc:R 

icosi<7)«U«tt:cogg^«ev^ Ili«4g 

coGecoffljasittiy- htmm3Mfrt>w.ix&izm^m®. 

mzfr^>M*H)Hzm&L. MM8UB3«K*JV»TGe 
C0ffl^jt<i0.40. SI2fBiS4 nXkUplffllCfeWCGecO 

mmz^cthm 1 «*£4 gti. cvDaHefcw&GeH^' 

[0079) 12 1 iC^f h«SS4 N , 4 PtilfS 1 

co^jfecojg©^# &*mm&m& t nmzwfti t o. 

\5um<r>f!mT'Bf$.2ti&. %lfl^4 gcoJ5$(40.05 
vmlzWifeZtlZ, . mi«J£4gCDSiC0fflj£tWiy— h 

*ijsi 3 fflicfc^ ^rsi wmmtao. 60. &miizmm lx 

$mmz\*m2mk4. nX{44 pffllllCfcV^TSicOffl^Jt 
ttl.0fcKJe**i4. ^cosicofflBKJtco^Ltw^w ?g 



lffi4g COGeCOSMJtfiy- h tettSS 3 0NA» £>8tiX& 
tetSv^aPSWfcjfe^L. . h^M3{ffl(CfeUTGeC0 
ffljfcH;{±0.40. gi2««4 nXli4 pfBIJtCfc WCGeCOffl 
ifciWiOKRfcS . £ CO J: o £SiGeCOfflfi!Ut#Wa' 
WtcS-fc-f &?FS1*I«{4 gti. CVD^^*itti.GeH 4 XfX 

<r>^M^mtmzw^^h ztizx <o®mzmf&i-& 

[0080] *»H«OJBffliC*J^T*±, y- NJfe 

tftiH 3 coa±tcs i Gecos? i mm 4 g $r ^fig L X ^ a # , 

*»HHfc*iirva±. f-h«3i:Ilia4 g tco 

rat3igi^4gco^$j:ot>^^if^KJi. mmiz 

{ilnmiaTc0lK)ST-Ge£^B6*itc-^^^V»SiBX{iSiSr 
H»W{;^i^v^e«*^fi)t^ixTv^Tt ^cosi 

^X<±Ge«A-'H^tC#« LT V *T y-Mi4P 12 
K-b->^$it^Bcoa£tX(i±Sco^ 1 «J|S4 gtpT'fP 
*J-ra i t . y- N*ffi4 Ni; F-ey/8ftit 
AscotSScJiaS 1 ^«4 g 4»TflB3i$** -I i: -S> . 

y-M6IHI33!)«Si0 2 «T»«Sii4*^. Si 
«(4m 1 mm4 stzmtUZMZ i I.Si0 2 ^co)ji«CO^ 
it*Q)j<'ZttfX'*Z>. Zt>lZ. Gemtf&fcZtl&im^ 
(C{±. Zcr>Gemity-hm&4 P IZ H-t°> fZiVtiZ 

<nt&®Lzmm-i-& z t &x-z s . temimiz-y- 

[ 0 0 8 1 ] £co<fc 5 ^Wl&Sfta^ttAWlsJSgCfc 

v^t<±. maicom 1 ?>mm<?)Bmiz&&¥mmm®$& 

[00823 (H3 <r>mm.<r>mm > *^s6co®®{± , hi 
sFETcoy- hmfficoffijcomit^j^uiBj^-i, ^ot'S) 

H22(A).022 (B), 022 (C), 022 
(D) , H2 2 (E) i±^iHxio*Wncr>f£3cr>m&(n 
»JBt«*iNWW(aiIlIHW)nf-v*;WnSFETQ n COlf 
«^5B»llfliM«tSlT'* I) . 

[00831022 (A) fc^-Tn^-v ^/PMISFETQ n 
ti^D-»M ^mffiSGIr^LTt^co^jiT'fcO. ^~ 
hS®4 N(iSiGe*»^4&*l «*£4 g«f*t"C?ftft$ 
ix. Clcoy-h«ffi4 N±(;<iv-y-9-^ K«S8G*5f 
l^$iia. ^U-f-f Hm«i8GC0»fi£B« (^'J-f'f Kft 
fT) ^!3^T(i®^T'^-rJ;d^y-h«®4N^Si*> 
^^■a»52«l«i4 n^ffM^ilTfcO. J'UIT-f Hmfii 
8G{±^C0SI2ffl«4 nSrTS-f^TMR-raClkCJ: 
0^B!c$^-&o tot, ^'J-»M Fmffi8GW4HaW 

tcGe*^^^^co-c\ ig 1 nmmnmmizffi&imtti 

1t&C\ttfX'£&. 

[0084JH22 (B) K^jrf n^-r ^/PHISFETQ n 

ummizis <j *m h«©8 g z &&l Ltzmcommx'h 

l»o y-h«S4N{i. SiGe^A>^rl,mi«JS4 gt, 
>lcomiffl«(4 g±COCoSi,Ge 2 . A^^rS 3jtit^ 

( $>Tt\\L-£m ) com 2 m®4 1 1 . >• u -9- 

-f K«ffi8GJiy-hm4N<7)M52MJS4 t±CJBfi£ 
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OllJg^®.^^ ^^tt^«[I18§^n^-r */l^MISFET 
Qn tmmzSifrt>%&&2m&4 nTfo-?Ki>CO-t)^ 
y'Jt-^ Hbtci DT«^IS 1 ffiisH gOSiGe, ±JH~ 
^^ix^Coco-Hx-mt: L*j££ tit: i> (OX'fo 
CoSi z Ge z . frhtzh ^Ttfc^Mttetm&f&ZXsX 
feO. isVVJ K«B8Gt=(iGe3&«^WWt=*i<i3Sri,^ 

[0085]i22 (C) IZK-Tn^-r */WIISFET Q n 
J4. SiGe*»ii>3:*J&l««4 g. Sifrb%&t&2mi&4 

R3*>fc«ISI3*i.5<'yiM Ffli3*i4«tf (fi_tJ§> fc 
S2i«4 njMEKSilTVtftfjrj:**. £^'J^ FS& 
8GJ±*JJiOS5 2««4 n<7)—gS5:^>J-»M F-ffcTS 

[0086]H22 (D) ^■fn^^^./L-MISFETQn 
14. 02 2 (A) l^-fn^-v^/UMISFETQn £02 2 

( C ) fcjjrtfn?-* *;UMISFETQ n fc Srffl^-^-^-ti-^ fc 
tf>T&6. "t^bfe, n-^-v^/PMISFETQncoy— Ftt 
ffi4N{4SiGe*>£>&&SillfIlig4g. Si*^^:?,^2ll 
$4 n . SiGe*>£>=5rl>?fil1l[i§S4 gn-ttlZtl&mVM 

hSI54NtfO^±Bt4Si*^=5:l,m2««4 n-C£>9, 

s^i/im F-rktck o^<o«±a<om2«JS4 n^TSt 

T, i^yif-f F«ffi8GtC(4GeA*HWW{w-^gm^V^ 
T\ v-U-^-f F«S8G^)ffitJi«Sr^$^-S»^:k* l! T' 

[00 87102 2 (E) CC^-fn^-A-^/PMISFETQn 
{4. 02 2 (B) ^-rn^-r^/UMISFETQni:02 2 

( C ) C^Vt-n^-T */U4ISFETQ n k t 
eyXfoh. nf-v^MISFETQncoy— hfl: 

ffi4NJ4SiGe*^^rS^1^4g. Si*>A,^^^2ffl 
i4n. SiGe*>£>&.g>g?lffl*£4g. CoSi 2 Ge z . rf^S: 

S^UlM HWi8G{4»Ui<0»2««4t 
JitC^$fLi>„ ClcO^»J-9--f Fmffi8GK(4Ge#5gU 
ng-frfcft&WTC. ^'J^M F«fii8G^ffifiifi|$rM 

[00 88] 022 (A) % 022 (B) s 02 
2 (C) . 02 2 (D) . 02 2 (E) (DZtlZtltZfp 
■f Y- h«ffiffiit<4p^ -v *;WIISFET Qpfcfctvt&ISI 

-mmz%&. 2t>iz. ^mmjtmx'fo&Geizvttx 



ctfimmx-^i. 

[0089] ^mrn^mmizg^immmmmzis^ 
xa. m&cr>m i ermn<7)&mizm&*mtomnis\i%X' 
mt>i\&yfmtfflmcoimznz>zbii<X'Z&. 
[0090] (m4<7)mm<7)mm) ^mmcommn. x 

mz*wn*mmi,tzm*w*M-z>i><?>x'hz>. 

[009 1 ] <=fi^ ^«iS>02 3{4^BJc7)^4<7? 
SO|tf>^K«&W#»WllI»WfflflHaMISFET«#Sr 
^ISrffi«jt0-C#> i> . 0 2 3 Izijk-tJ: d <c . :£%ffc?) 

Bmtzm&*mmm®mu . w&nmicomm^&m 
izmz^mmmmfotmmiz. amteupmsispF 

MISFEW**iB$ix6„ 

[0092] fflfflMMISFETcOS^tfJ&ffitteSI 1 Iggfifc 

ommizm z^mtmrnmrnzmm £ tu^ntmn sfet 

^WitfcP— T'&S. -f3r*>^ fflffiS!MISFET<7>nf-v 
*/PMISFETQn(4. 3mMK«tt2 fMIHSrffl^^M 

■r^wgjfi«wi: LxmmstLZpmv xtummi p, 

^mflicO'en-eni; Ltttffl$fL4— »0±«S5*« 
[0093] m^x./l-mm 1 Pf4, ^-^^Kl <^)± 

ai«k:»jfts*i., {&\,^mmm.tzmfczti$> . xfh* 
mm 2 14 . m 1 ^itwEit;^ s ^ss^mstuws t 

[0 0 94] nJ-**)l-H]SVETQn<r)y-htmm3t,Z 

imti£5nt&>mm xmm.% n^sio, ffit#"fisffl$*i& . 

y- hflffi4 Nf4, mftnm l <0Hft<^Baw=«4*« 

fMa»ni»<!oy- F««i4 Nom i «iw4 g tcffl^-r^ 
m&x\ mm?m%h'j?%<i>t2W&<?>mmjmx>± 
m*&f£.i.izmt&x'$>&. ^mnmmiza^x. y- 

MI4N[J. Hft7t«rJ)^si t . ^cosiktiStrS 

Eg^7C^-C'fc-g»Geh2:*t-i»Si 1 . lt Ge I T«$ixS„ ffi 
«SMISFET(4r jLT/uy- b«Si«3t2:^ffl LTV^W 
f , nf-v^PMISFETQ ncoy- hfli® 4 Nl;t4nffi^*$ 

[0095] nf--v^;PHISFETQn(4X^^.7 i yy -v H 

«^nK^nS¥«fMi« 5 h t . z\<7>*mfcim 5 h t 
-h«ss4Ntc^LTies^T'^§ixi»o *mim 

[ 0 0 9 6 ] ZCDi. 0 (Cffi)j£§ixan-f-^^MISFETQ 
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( x V "v-t- v F Y— V MM ) 4 E *«*S\Wl=««E$ 
ft. ;WK- ; f-/ Ftlft4 Edi> ytM F^ft8 

atttft&H4/Sftfc:±«B5t2XU^^- v Km® (x 
K— r-y FV-X^ftXtixi^— t- >y F KU-( ^fl: 

[0097] y- F«ft4 Nitrixl/^-f .y F®ffi4 

y- hwmi n t m&(om&-em&zti, y- hw&4 
mmzzcoy-hWM4 N(c»L-c»«sftfcT»<o» 

lpl«4gfc, y-F«ft4NfciifitfS£ftJll«i-£4 
S±l=#jS3*Ufc±*<>5SS2«K4 n t Zmz-TMf&Z 
|glfiftg4g, JS2*«4nW;Vvtfh.ixe** 

•Y/nftMr-c^rtSiti. mi^ns4g{i, m&tji& 

lfl^<7)0^7nS-C*>i.SiT'®fK§iX7 , i««-C'*>i.. x 
ir/Py-b«ffi«Jt*^ffl$ixTU4cOT\ xK- 
-r y F«S4 E Kiiiffl^lWHiTft &As# F- 

[0 0 9 8] s^'JlM F«ft8Gli x xK-^-.y F» 
ft4 n±C«^$ti5 . *£ifcaJBm: 

±3V>T, S^U-tT-f FWS8GJ4S2««4ntf>_hBatf 

«aaKjBj«s<ia. ^'j+m FmftSGte. ik-t 

•y KISS 4 E<7)^ 2««4 n <D>- 'J Hf-f FMfc. B*B^« 

±Hft 5 ±co is y im F«ft 8 M t tSitXgt'fi 1 ^ 
*U>-fy-</M Fftfc J: >9JFM§fi. »2««4 n«0*i«5: 
< t i> -mt* ~> y *M Vit-t S z. t iz i 0 ix 

&o *^JI«0^SS^tJ^t. i^y+M F*ft8G{iCoSi 

[0 0 9 9] ±«ft5_h<0XU'<.--r.y F«ft5E{i. 
i^-T7 h'«ft4Efc|SI^. ±*«5«fc:£«>± 

ft5t(2g|fa;*ixJSlMi85 *±fc»j«§;hJfc_hJi*!>SS 
2$I«5n^$rfi|i.T^$ix4. Sll«5g. S&2 

Sli«5g«ll";-f7 KtS4E^lM4 g 
t l^«(C*^S6«0^® fcti V >TSi i . , Ge x X'BflZ $ il . m 
2m&5 niiSiX'B^Kh . ll/\-f7Kfi5E 

[0 1 0 0] ^y^4 Fmft8MJi. >-yiMF®ffi8 
Gfc|il«(zx^'<.-x-y YWM5E±J,ZB&.Z1X. XI/ 
<~f -/ FUft 5 E COSH 2 5 n <y>^&- < fc h — gfleo 

i-y-tM F-fb (-tyiM F-ft) ^io^^iis. ^y 

1M F«fi8MUU S^UIM F®Ss8Gfc**:W^i|5l 



%.m8Gtmmzc<£i y mvmtitztiz . 

[0101] — ;S\ ffl«MMISFETOp^-r^/l'MISFETQ 

3. 7--HI4P, v-.xmft. fi^4 ^mftco-eii 

[0102] pf--v^MISFETQ P (7)y- F«€»$|3 
(2. n^-Y*;PMISFETQnCDy— FSft3 til— SSiil 
fiTH-«ft»ifc»j£S;h.» WittSiOjjBtrmSii 
6. 

[0 103] y-h««4Ptty— Mtffi4NfcR|*fc: 
Si , . „ Ge, X'm®.Zti. fflfliSMISFETtCtiy jl T)Vy- F 
mftMit*>'Sjffl$ix4 C0X\ pf--V ^/PHISFETQ p CO^* 
-Fm&4 PtC{i P M^|iE!Ra^ F-e>-^$ii4 , pM^f 

[0 104] P^^^MISFETQp(iX^Xx^T-'-y F 

mmzcopmrnstm® e h t . £ 6Ht 

S!i|saWWH«6LkT»J«S#l.i. ^«cfiS6L(jy 
-F«S4Pt=»UTaB»^T»)S$ii&. 
«6Hliy-Hi4 PS^offiOMlcKIS^ix^y- 
F filS 7 fc:*r L T g FM&TB fife ^ ix 4 . 
[0105] icoi d ^fitSfL4p-f-v^;UMISFETQ 

ptcfcvvai, y— Fmffi4 picxu^— x .y Fmflg 

ix. dcOXF"<— f-.y Fmft4ElC(i^y^^ Fm®8 

«6t^Sr04^(c±^ffi6tcx^_^-> y ( X 
l^^-T7 F V-XfiXlixK-f y KKM 
ft) 6E**«jRtt(cSfittS<x. ;oxK-f7HSI 
6 E (C{±^ »J tf-f F«ft 8 M*<^WtCg^ $tl& . 
[0106] y— F^ft4 PiOXl/Vf -y F®ft4 
Efi. y— f-Sft4NJbc9XI^<.— t-v F^ft4Ei:ia| 

mcom&x'Bfiizti. y— Fmft4 pmizzny- hm 
m4Pi,zmLXBf8.2titzTmcDmimm4 gt. y- 
F«ft4 p tim^ttmimm4 s±i,zB^titz± 
m(om2mm4Pt^mjLXBfa^ixh. sn#8$4 

- g. &2ffiM4v\±^-$ix1 a J^\Z?*c*)l<&L9zmx~Bl8L 
ilS«4 gte^llifrD^fcii^TSii-.tGe, 
T'^fiK^n, H2^4p{±SiT"^fit$ix^S. 

/uy-hmmtm*mmztix^2><7)x\ ik-tv 

FSffi4 E (C{ipS^$$!BJTS>SBF 2 # F— b° >-y$ix 
4. 

[0 1 07 3 i^-yiM F«ft8G{±. F^ 

m4E<7)&2Mt£4p±izBf$.$tih« ^mncmmiz 

H^X. isV-*M FmM8Gim2im4pcr)±ffiRv: 
MffitzBf$.Zi\& . i/yiJ-4 Fmft8G{S. x^-x 
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•y K«E4EfMB2««4 pCO^yiM Hft (If'J-fW 
Hk) K:J: 9»jac3*u &2m®4 p^&< t <,-« 

JgJSfcriJ^-r . y'Jf'f HfS8G(±, n^--r */UMISFE 
TQncO^'J-»M h'mS8Gi:[5l-^jtIgT|Bl— 

CO 1 08] ±tl6±«xu\-f-y K«ffi6EJi. 

« 6 t UMmZtim 1 ffi«i6 «±t»j«S#utJJiOJB 
2fHJ*6pfcfc«£-C#ric3ilS. f51fg«6g. g2 
fBi£6 pttVvfixtxe*df^l^*JiTJBJ*$ft&. 
ill«6g(ix^-f7 K«S5EC09Slfl|«5s 
138 te«Qt^)»J»fc: J3 ^TSi x - „ Ge x TB& £ ft . W. 
2««6 p(2SiT*7&£$:ft.& . ll/^-f7KlS6E 

[0109] is*)*M F«E6i8Mti:. i/»JlMK«tt8 

^-fv F«S^ E <9J» 2 «# 6 p«9*-5t 

K5ffi8Mli, S^JIM KSffi8Gi:at*:Wtw{i|SI 

«fii8 G t |H]«fc;CoSi y ffi|^FM3;fX& . 
[0 1 1 0] 024. 02 5tt^f*lfcxK-f 7 H 

O) *»S>tf>SS (nm) fcSiGei&j&iti: 0T 
02 4 t:*txK-f 7 Kli 5 E . 6EO-?- 
ft-Wll 451 . 6nm<75§U5T7FM *<l6.SfflfRW5g. 6 
g{4-?-tl-mi0nii^B^T^$tL. Slf«5g, 6 
g<^ftm^Si<^fflf£lt}40.84(::. Gec7)fflBgJ:t<40. 16 
izl&feZtih. tth-h. ^lM5g. 6 g(4ivf*l 
t,Si 0 . 86 Ge 0 . 16 T'ffM$iX-S„ Ge^afiS;Jt{40.1JiLt(C 
MfeZtliZbtftttLW H2f«5 n. 6pOfil 

ffiSS&cOv' y+M Htil68 M fc iBl&CUOnnCOgtffCOCoSi 

T41.6raitcS^$ilS. a2 4[:S1^2S^5n. 6 
P<4. V^-fixt-T^T^Si&^U-^-f FflS8M(CMS 

[0 1 1 1 ] 02 5tc*-fo:K-T--y Ktl5 
E. 6 ECD-Hx-Filte. |ya2^2cO||SSc0^lC^^ 

^#:*«0Kco y- h 4 n , 4 p wtix^ti t m 

Sr^-f. -fftfrh. *l««5gfc:tJVvcH: % ±115 
*^JI?3nm^T"COGe^^Ut^0.4tC^$il. 3 h\,Z 

$mm 5 *»^>«n *> izm^ecomf&itiim&wzm'jrz 



±««g 6 *» ^ tth.* Ke&mmtt l $m%mzm>--z 
ti&. mimme s<^si<7>m^Jtiiz.<DGecow^izm^ 

[0112] gMUfcSgJLSrvV*)*. 

hii5em'6 e ^m^thTM.tm-m^T.mza 

tvtnf"-r */PMISFETQ n CO^'— hfl;ffi4 N±(CXK 
— T"/ Hfi4E*s. p^*^MISFETQp<7)^'— hi; 
H4 PlCll'^-f -y F®&4 Ej&***t-F *tfBj££iX 
SOT. ;WlK-f7 KmfiS4 EOffijtiixK- 

[0113] X^-T- y Kti5 E{4S*WlC±m® 

£ . RtKtcx I^-t- 7 Kfi6E i4±««& 6 <0l$-£j$ 
$£fS< Lti^-vn — fkfc &Zt tfT £ £ . 02 
4XJ402 5tC^-TJ: ^FlCpf-A-^/WMISFETQp 
^Xl/^-f y Kfg6 E(?3±tgfii6JS!JtCSi 0 . 86 Ge 0- 1( 

gzmsctzztizi*) . ±m®6 

IK-T7 h*mfi66 EtcK-b';x:?$ix&pl«H3g!j% 
Mx«4'B<7)t£i5tS«^jlS^$-ti:.S i t SOT. X 

tmmm. mi<^m<mm^hmmmmmz 

ta\*ZtSffl LfzX 0 iZ . 1000°COaKJS«TC±3^T . 
Sicp^BcO^ff RKik^TO. 5-0. m§JKtC/jN$ < & 

[ 0 1 1 4 ] 3 A,tC. SiGe4>-C<OBe9Stt«fi£l4Si-Cf5B 

#n*-ji-mmtfsitp<7)*-;i>mmz}t'<*z±z < 

<7>X\ ±«ffi6C0pM^#c«JS6Hcr)t£^rJlffi{jt5rj; 

[0 115] Il/Vf7 F«fii5 E<r>m2m. 

1*5 n. xK-f 7 HSt6Ec0^2ii6 pli^f 

H-ffc) iClOmftdtl^U^ K«S8MW4HK6<3 
^GeA«#^tl^rV^ for. ItTKEom 1 

[0116] $ ^(C. SiGeC0^lC{4x*;l^^^ 7 7 
*JSi OX ^;pdr'^^ y r fCJt^T ^ < * h , i it(4± 

7Ktffi5E^lf«5g. xK-f7Ht66E 

<r)miim6 gcD-eix-rn(ci4Sio. 86 Ge 0 . 16 *^3 

ft. SI2«J!£5n. 6 p<7)-?-il^ilOSi*^AL-c^'K$ 
tlisVy-J KS@8M*^^$^%^tC{4. ^lffil* 
5g. 6 g^-eiX-TiXtfOSio.gsGeo. 16 fc^'J^ H«fii 
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8M«0CoSi 2 tCOiss v h^f-S^'^^iX-g. . <I<0 
-y h^-ft^^WBS^tiSikCoSi^cOv-a -y F 
&£Ott£ft 3 tCtt^T 0. 1-0. 2eVgJK^$ < * 
i.a-)t, xK-f 7 N'li 5 E i y 'J t^f Kt® 
8 M t <0!I]CO}giB?&ijL XK-- r >y H«S 6 EbisiJ 

ttx-zt. 

[0 1 17] *LT, n^-v^/miSFETQnCOy-h« 
pf--r^;PMISFETQp£7)y— F®£4 P<0-?-fl 

^-r >/ H«4 EliBuaiCOSfs i co^UScojBSIt^-S^ 
N„ pf--v^MISFETQpC7)y— h«®4P<7)-efl'm 

~tZciih. n-f-^WHSFETQiitC 
fc^Tii. y-h*«4Ntf>ffiSJM:£|»jL-r*£i:# 

(3, IU\-f7 VWWftMZUm-t&nj-* *A-MISFE 
TQntCfcUTti, F«t&4 N_Ll2Xl^— r--y F 
**4E*«»jft$*u XiT^'-hSlg^jtSr^-r 
4fcA<Oiffl^»^B!»W4tl!WE«3& 1 S< *iX L 

GeT#*LTV**<0T\ y- h*9*K3ifi8**tfy- 

f 4 N^ttMznm^&mzmtt. £ * & i t a* 

P^-A-^MlSFETQplCiJV>T(i. y'-Fmffi 

[0 1 18] 122 3t;:5rf J: dtn. n^A-^MISFETQ 

Fti8M. FT^y©Bil 2<o-?-i'i^ t ;h.£:fj- 

*/U4ISFETQ P £9±?Effi6C:l±, XK— F»S6 
E, y'Jt^f S8M, ay?7 h/^/Iffil 2<0 

[0 1 19]3r*5. 02 3(e}i*LTV^l^\ nf-v 
^;UMISFET Q n CO V— h9M 4 N ^(±X K— f -y 
I4E, i^'J^M K18G, h7 , 7y'll 1 2 

P y^*;VMISFETQp<y)y-F®3§4 PCfill/^-f 

7HSI4E. isV-y-j H18G. 

«L 2^nm^ : ttLT@i^l 5***»Wfc:»«3 

[0120] <Miirn-tX>»:C lwi&0MISFET£fii 
i.?t^fl^«tI18ScOMjtra'tX$riiHj-r?.„ 02 6 

7!>M0 3 2 trnmyu-tA* zmgrmmz^-t^mft 

[0121] ( 1 ) *-f. *«f^i^&&*tiFFtf4!rii 
£cOpS?¥S#c*« 1 £ ^fiTT 4 „ n-f--v *;PMI 



SFETQ n<9©«««C;fcC vC¥*ttS« 1 CO±ffigB(Cp 
M^x/HSJSl P£ffML p-f-v ^•-yUMI SFETQ p 

INJMtS (02 6#Hg) . 

[0122] ( 2 ) fffi£c7>Jj| 1 O^tfetf0»@.(Cf^&*# 

¥m&m®mzmtttm® 2 z m&cr 4 < 0 2 & # 

[0123] ( 3 ) 02 61C^-T «fc d (C. n-f-v*/PMIS 
FET Q n N p^--v */PMI SFET Q p CO ^-ft-^iXfiD JBSt«lS{= 
iiWC , *mtm& 1 <0±ffl±te^- 3 

•r 4 . ^at<?»B»ttiv^Ty- bW3 t,zt,mim 

y-Mfe«K3co»jS«ft:BD*«£ESrS«BS 

[0 124] (4 ) 02 3(Z, n^^MIS 

FET Q n , p-f-r ^;miSFETQ p<7>Ztl.Z'ixC0Bf&ffi&lZ 

SS&fecOJgJS tfe t . b 4 USi 2 Hg k GeH, 

h. Z<vamiZ}3\,^XlZ^ Si 2 H6^tGeH4^CO^iX 

z-ncvtfxfts&v&im&mzMmzmw-t hzttzx 
0. y- bmm4 <±y- bumm 3 fr^nmmzmtx 
Gecnmmtz&mz^tzith z t tfx-% h . h« 
^4(±Mi.«i'o. i5jumcommxiB^ti. ^mmcomm 

{;JoV>T y— h 4 ±tlix r -y F VM 4 E ^* 
ffM§*l£cOT\ ^~ b«S4 0±*6«Si 1 - 1 Ge k "C»« 

i§ i (rmi&mmizm&mswsmmmz&tt 

SC« y-h®fi54li, Si 2 H^oaai*«5sccB, GeH 4 
**XCO»£S^lsccm, «KK**n.3X102Pa. ^JK?SJg 
^'500°C, B5MB#ra* { 38^rac0^ffCfcV>Tfi!4JK$*l. 
Z cO^frTt^fc^T y- F«Si4 {iSi cOfflj£Jt£0. 84. 
GeCO$l)«JtSr0.16i: LfcSi 0 . 86 Ge 0 . 16 T'ffM^tl.S. 7 

-f«®4{±» fcrnrnzyxhuvT-^y ^mix-mis. 
ic(inM^fiE^. pM^*fi!feco^-rnt h-e^nt 

[ 0 1 2 5 ] SriS, y- bWMA <i. |g 1 coHJficomi 

Si^^XtGejHe^Xki^il-^^Sry-X^t 
•*-&CVDffiT»*"f*ifc tT'^S. y-F« 
fii4(±MBEST'^B!c-r'S d *>TS S . $ ^>^. y- h 

m®4 ti. m i osgta^ttSs^ti&iiisiKay 
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Ge*»6*S* 1 W&4 S bSi frt>%Z>m2ffi£4 m h T 
[0 12 6] ^- hW&4nJ&&&t£.liy- h9M4C0 

m®zm^wm4Aim$L2ti&. mmAAwm 

[0127] ( 5 ) i^Afyfy FV-.X • F 

j£L. gi*«*pf-ir^U«SFETQp<0»ritfi«fc*JV^ 
T V-^lSSt5 F U>f fc LT-ffiffl-f S— WO± 

«6Lt«W4. 

[0 128] 2N»flej»«5Lli. *<-FWS4. 

mmm 2 w P f+ sfet q p <rm$ffl& * s a v 

X*/t-dffitilO~50keV . F— XJMilO 1 1 — 10 l 6 atonrs/c 

UTAs<7)iiAX*;l^S{215keV. F-XiJilO 1 * atoms 

[0129] *mim®6 Lfi. V- FH*g4 . 
f£**8 2 aiAif-v ^MISFETQ n (Ty&tiiffl&ZW.? 

(Kraoiai 2#s§) Ji»aA-?x?tLt 

ttffl L . ^y&A&C: J: 0 nS!<7 x;HSttc 1 Ntf>±® 
4. pS^»3^*>ixA# : ffi£3KlJ-4Ct#T 

§ x -v q— fcfc:#3iKrBF 2 swstffls <i4 . ^mmemm 

fcfcV vtBF 2 coaAX+^df JlfilOkeV, F-XiJilO 1 * 
atoms/cm 2 <^##fieffl§*l.4. pS^TW&JCHiB 

* v^ttA *>tfmmM<,z&mx'Z 4 . 

[0130] ffift&OAs. BF 2 <0^fim<M 

tcti. >f^v?±A^#d^«#:»Kl^aaco^-^ 

[0 13 1] (6 ) 02 9(C^-fJ:5(^ nf-v*;WMS 
FETQn . p^-r^^MISFETQ v> (T>ZK?iX<r>B&M.mz 

a^x y- Mg4 aflHEtctttMM a *k lt y- F 

Mt7£JE?j£;-f4. y-FIBJffi7(i3|s||iS(50^tCi>V^ 
TSi 3 N 4 jrC»fig$n.5. 

[0 13 2] (7)l3 0t:StJ;3l:,x^-fy 
\ i 9M£Mf&-t&tz&>tz. nf - -v ^yUMI SFET Q n (Dif&ffi. 

m.mzti \ vx s l n«5g.^2f 

*8*£4 g. ^2ffl^4m«0^^m$r)iaC«®-ri. b b 



UZ. p^-v^MISFETQp cr>Bf&mmzte\,iX¥-mfo 
fW*6L±tgil«W6g. *2»«6m«0*;h.-tfh.«: 

w&swi L . y- bmm4 ±£sb 1 sits 4 § . &2mm 
4m0)*ti?ti&Mtmm-rh. ztit><7mimM4 

g. 5g, 6g. 352?I*£4iru 5m. 6m«D-Hvm 
(i**MO^«tCio t > T MBEffiT-E£M L JtX ? *f -Wl-- 
Ultf^^ni). Ill$4g. 5g. 6gtf)ffl 
-PfUi , Si 2 H 6 #X i GeH 4 # X h cr>m.-%*}X $r V — X # 
XfcUttIL, |tTi6<?)ll2 4(C^rrJ:otCSi 0 . 86 Ge 
o. 16 5-10nn<O^J»T*f£*$^l>C t<C«t *)BtfLZtL&. 
^JfiSi. Si 2 H 6 XX k GeH 4 #X0>*tlZ'tL<?>tfX-ft&%Xf 

m&wg.zm'gfflwr&z bizx^m mt&4 g . 5 

g . 6 gco-eixmtiia 2 5 Ic^-T J; 3 {cTtfi^M*^ 

^4. IS2^4m, 5m, 6m<7)filfWl f If 
1*4 g. 5g, 6g<0-€-/l-€*.co«»ttt=5IS*&il« 
WtfiSM? *U 41. 6nmX{i-e^lil±«K)lcOSi T'ffM^ 
fL4« SI2Tl«j4nK 5m. 6 mO^il-fixtiGeH^X 
«>)S*SrO(C L^l £igS£Si 2 H 6 ;#x£ y—Xi}X t LTX 

4. 

[ 0 1 3 3 ] Srfc, *»teom5K«Sxl^-^ .y H 
Ulixt ^ # +;^*JB $ tt. #M B B B osiGemRi>'si 

*S B a H ^^ B «T'X^^-^ - y K«i*W*L"r t i v \ 
^fc. XK— h F^ffiCOSiGetZ-ft^T, 
a^BH»Sc*T3B*S*lJtSiC^»IKr4 3«WOH^tc 

[0 134] (8) 03 HC^-fJ:3l-. n^^MIS 
FETQ n<0»««R«(CiJV^T-*t«0±»»5 ZBf&-f2> 

Kxbiz, misppmmm^m^mimm 5 h $-^gc-r 

4 b b h tz . pi- r ^;i^misfet q p o©fS:lii«t*5 1 

[0135] nm<7)¥mtmM5 Hit, itCnf-A-^UMI 
SFETQnCO^^JStfcO-CXl/^.— fv FHfigSEt 

F-bf>^$a. z<vF-vy7znKnm^wmzpm 

F«®«|jt$:^ffl-ri»«0-C'. nS^!Bl{iy~MEffi4 
icox^-^-y F«ffi4Et L.XB&LZti&W.im®. 
4g^lg2ffiliS4mtCt K-K^Sft. w^OF-t 
V^$^:nM^tl«±y-FISffi4t'tffit!t$it. nM 
^y-F««4N**Jgfi£$il4. $^tC. Hl^i*4 
g. ?^2fiJ*4m<r)^-ixm(ci,nM^*iE^* i F-t'y 

-y f®ss4 RtfB&LZti. muizmimms s. m2m 

Hi 5 m<7)*tl?tllZi>nW?Fmstf F—tZyf&tlZ <?)n 
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•fttcif mfrAstf&m zti. *mte?>mmzt5 \, ^x aso& 

AX 4«±50keV , K— >Cfi(±3 x 10 1 5 atoms/cm* £0 

C0136] pS<7)##ttffii£6 H{±. */M0 
SFETQpOffM^IW^fcV^Xb-^-T 1 -y Kffi6E t 
LT#j£3*ti>*& 1 «$6 sS.tX^2ffltS6 m{~-?-<D|*| 

*7s.jV&m 1 N«Hffl#fc8;tt3-£-& - k £ KimftLZ 

w*mmiiy-hmm4±<7)x.]/'<-T- •■/ vm&A e t 

LT»JSSil4*51««4«auiS2««4mfc:t K- 

«ffi4tefc*M*Sfu P%L<r)7-hm&4 Ptf&fRZtL 
*. fflffK4g. »2««4m<0-ttv«Ui 

i> pw?mmifi h - try ^£ h.i opsrofltovattft £ 

ftS<0T\ iK-f7 h'S®4EA<JFM$it, 
IB 1 «« 6 g . SB 2 ffitfi 6 m O-ffl-Wtfc fc pfflTOfflJ 
** K- 1 y ^Sft^ (JDpSJRWHB^attftS ixt COT. 
iK-f'V K«fii6E*^^;^n^„ pM^*6W;{± 
4* * yaX*ffi*»< ■& Z. t tPT'% y+nHktffil 
=&BF 2 S it, *HJSC0^lCi5 », vc BF 2 O&AX* 

/W^riii^keV , F -Xfi(±3 X 10 1 5 atoras/cm 2 <9&fr# 
«JH£it£. 

[0137] nffi3f*Htj, pSW1fj<^»fttf terStt-ffc: 
{iRTA^TX-zPTtf^iti.. T——Mi. Mtm 2 
#*#BSvK lOOCCOiaJK-ClO^ratr^S. 

[ 0 1 38 3 REI3 1 tetlS»7 LfclfrSTCN * 
*fWB«5Latlf5H*»/5)!fir4±«ff5 3Wg«$#l.. n 
^MISFETQ n jWiB^Ef 4 . #98St<Z>JRJlIfc:*i 
WC „ nf-r ^MISFETQncOf-v ^yl^^l^or^ 

K-f-jSJgtilOi 9 — 10 2 1 atoms/cm^ ig^ 5 ^ 

^S£{±50— 200nm^T'J£l££it.&. n^-v^^MISFET 
Qn^y- hWM4 Nlifi T/Uy- h mffifltitT'nM 
Kl&tSft. n^-+ */l^MISFETQ n «±*ffi^--v 
%h<F>X\ nf-v^;PMISFETQ n{i®f-^^;U^|fecr)p 

Wat* »ffit*tf>*»fcfc# amttiHksies'*-* <r t 

«8£6 tf&$L%tl. pf-^^/UMISFETQ p^liff^-f 
£ . pf--v *ymiSFETQ P <th-\* *jU&&ffi}&co K-t— 

^ffi{±10>7—l()18atCMBS/cill3gJg. ±«ffi6cor^-tT 
^-ffiSfilO 19 — 10 zl atonB/cm3SJK, ±m^50jg-£ 
^$(i50— 200nne^-C^§ftS „ pf-^^MISFETQ 

P «y-fti4 p(±x'j>.r^^'-bi:aiffiiST'pMtc 
i£je$*u pf-v */wiisfet q p i,±mm^ ^fi-mizKc 

hCOX\ P^-^^MISFETQ P (i3@^^^Off|I©J 



[ 0 1 3 9 ] =Sr*K nM^lfife. pM^tt!|t«0-5-ft-m<0 
^1 ^yaACIiLtlixW^-f 7 KW4 E. 5E. 
6 Eco^itmco^®^^ - ffi± L t tzPimZffi 

[0140] (9)032 fcgcf <k 3 (C. n-f-v^/WUS 
FETQnOXl^^_^. y Htg4E±t:yUt^ K^fis 
8G, xl/<-f7N'tffi5EiCyiJt-f Hfl?E8 
M, pf-v^PMISFETQpfTJXl/'s— T- y H®g4 E± 
t-^U-^-f KWS8G. x^_^-. / HmflS6E±tC^ 

-eit-eitti-y-'J-f^ H^CtSCoSi^-C^fESitS. C 
oSi y ^(±, JfiU\-f7 H^4E. 5E, 6EO 

1 ±co^m^ coik . * - v •/ rji 1 1 x coi i m 
zmaKfm-tz. com. mmi^-rtitmjus^v 

$*ts. itfjcom^iwkttawRtf. 5oo*c^?sst6 

TX— /^{C.fcO^y-9-4 K-fL$it, 40nmcr)^J15:^r-r 

s^yiM KSS8G, 8Mco-eft^it^^-r&ih 

KeofBtT-a-feXTittBjtJtJcat, T--;HctiRTA 
iSaWSfefflS ft. «^<^5lsRJ^CoJH<J3|i|^KJi«itfS 
St k ^H-ft7j<:*7j< i; <7)jl^?g*^ffl $ it ft . 
[0141] nf--v^.;kMISFETQn(2t>V-iT. x'J'l^-f 
FliSGfilK-f 7 Hfliffi4 EC0Ge&#^^r^Si 
T»«$#tfelB2««4 nfi^*< fcfc-»*»2«« 
4nOffifflP>lT'^'J^-f K-fWiCfcfcJ: 0®^,$ftft 
COT. >-'Jtf-f H®ffi8GW±Ge*^ft^:V\ $ <b 
v-'J-^-^ Htg8MlilK-f7 h*m®5E£7)Ge 

%\->S\X*Bf£Zixtz&2ffi.m5 n<73iJ--^r< t fc- 
gP5rm2^5n^efflF*lT^y^ h'-fb^ftitCwJ: 
O^fi!c$itftco-C\ i^'J^ K«fli8Mt;(iGe3t)^ft 

mmiZ. p^^^ymiSFETQptCfcUT, 
4 h*«®8G(iJC.K— r v Kmfli4E^Ge$-g-^^r^ 
SLTJFM$ft^Sg2^tS4 pC0^< fc *>-gg£m2«l 
^4 P^Kffll^T-^'J-f^ K-ffc-f *ikt=J: OMSfl 
h<F>X\ ^W&8GI,ZitGe^ttlic\>\ 
iz. H«ffi8NWixK— r-y 6 E<7>Ge 

3ESr^2^6 P <7)Kffll*IT-^y^4 hMk^S^ ktci 
O^fiSc^ftftWT-. ^y-»M HliflS8MW±Ge*^ift 

10142)13 2(CJi (02 3 t>|S)8i) x^_^r. y 
K«ffi4E. 5E. 6E<0-f-it-ritOm2^4n x 4 
p . 5 11, 6p<7D-S5?raL7t^«Sr^LTV^*i. X 
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K~ r-y \im&4Et'>U^r^ KfSSGt^iO^ 
xl/<-f7Htffi5E!;y'Jt-( K1S8M 
tmtm&tX. IK-T7 F«ffi6Ei;^'JtM K* 

n . 4p. 5 n . 6 p CDZtlZ'iXte-f^X v 'J 1M F-ft 
$*.4^fc#"ff2U\ 

[0143] (10) WMvm 1 cDlllfc^lBKffi^* 

^f*««llIS&^itrD-feXfc|5l«(^ /fPallfcfiJgS 1 

0 . ttfflL 11. n ? F 1 2 . Jflffl&ft 

k 1 3 . &m U.1I15 <7>zti?ti*m®mm- 

&Z t lz £ <0 . fJiftaEI 2 3 t=#*4Mt*»B!Blctt« 

[oi44] z<o£? izm^tih^mmmmmzti 
wtt±. i com&commizm&immmmm 
-znbixzifomzKutx. x.v?*is*>i'i&Mm-r*b 

*>P^-A-^MISFETQpc7)XK— r-y F^«£6E<7)§S 

f- -y Km® 6 EF*HC F- tf:x^£;h.7^p3PRi#fre 
&4BO&tmK£^£tf4£h#T*£4. 
x^-f7 t**tt6E*»£lfclM=J: 9ffM£ft4±tt 

a 6 <?>i%*m!}mm<?>pm*wim® e h 3 * 
m< -r h z t 4 ?>t-. ±tgffi < y -x«asat/ f 

l"iym®) e<nis-*u— {fc£5Wi-f4 * 

[0 14 5] S^fc. XK-- r-y F1ES£6 EF*JT'<0p 
S^««lO«tt*KA*Si(t«CJtXT*<«:0. x]^- 
■f -v h'ifi6Ert^T 'JT}§JS$:«<-r-l.-i:* { T'# 

«^K3iflafetXfcHR«HMKjfl:*nga-r 4 - 1 **t# 4 . 

[0 14 6] ^'JtM F*«S8G. 8M<7)-efL 

tt&ZttfX'Z . n-r-v^UMISFETQn. P -?-r*/UMI 
SFETQpCO-^ixm^^-f -y^>^!!rfmjg«DSaE-ffc& 

[ 0 1 4 7 ] $ ±Ii5i<0l^-f7 F«© 

£flML£*&£Kti. XK- r-y Fmfis5 Ec7)SiGe*> 
^=$r4ftl««5 gtv-'J-f-f Fmfi§8Mfcc7)P^X^ 
^+77"*^*. ^ 3 -y F=*-I$^i&£ £M 
^"$-£4:: h* s T"£ 4<0T\ iK-f -y F@E5 E fc 
v-'JtM F««i8MtcoScy)^jii4ffiin;ffi$r«^$-ti-4c: 

ttfvzz. mmz. ±si6i<oxK-f7Hii 

6EC0H2««6 pSr-r^T^'BL^U-'T-'f K1I8M 
SrffML^^^ti. iK-f-y FSS6E«0SiGe^ 
£>&4Sgl^«5 gi^l>-«M Fftfii8Mi<oRgox* 



'J?Zit& Z t #*T'£ 4 <7>T. xv\-f7 F1H2E6 E t 

: sv*m FmfeaMkcofsnmtemimzm&zithz 
[0148] (» 5 commco&m > ^js^ssii. t? 

at£Oft4C0SIS4cO^S|{CSSxK-T- -y F«ffiS:*-r 

[0149] <f^^ ^Wia>EI3 3(±*^BJOft 5^0 
*^0^!^f£4^{^«[I]&OfflffiMMISFETg|5#£ 

^-r wroBBtEr* 4.033 iz^-t^mnicnwmizm 

4^#*«0SS<7)n-r -V *;PMISFETQ n V <J . 

*7HMSFETQ nt£*miZim--ffiMX'Bf£ZiXZ>ti < . 
Y— YW&4 N±<0X K— r y FH® 4 E c0±ffi(CC0 
A^UtM Fm«i8G*^te$ix4. xK-x-v K« 
®4EOf!W. #tc«1^4 g<0«(H«y-MliaS7 
C J: 09^4. p^-v^.;UMISFETQpt-«v> 
T(±. y— b"9M4 P ±<r>x.U^—f- y F«©4 EcO± 
ffit^iy'Jt^f F««8G4<3g*$*t % XK-T7 
F«®4 E <7XfOMl±y- FfflM 7 i 0 9*)il4 . -fOr 
t>*>. ^'J-^-f Klft8Gli. IK-f? 
c7)SiGeT'^^iX3tft 1 M®4 stisVW F<W 4 £ 
h=5r<. ft2»^4nX(±4 P £0Sicy)m»«^t-ffM^ 
ix4. ^T. i^U^ F«®8Gfc«Ge#H«&WC-3- 

4^i:^T#4. 

[0150] <Syi§Ta-bX>iX(z. fr^MISFETSrfii 
ifc^MWWcmtWilB^iBftrcr-fe^SrSlWrs. 03 4 
JbMEl4 1 (±SiiTa-bxS:«-SjtXSSt^-f4^f*: 
«BtBIHW>XSHfiifHT*) 4 . 

[0151] ( i ) t-r. w*mfrh%t&Nm» 

SFETQ nc7)^|^^(Cfc^T¥^«s»« 1 <7)±®gC(Cp 
I7i;HilP?:ML. p^-^^PMISFETQpOfl^ 

lN$-©jS-r^ (H3 4#BS.) . 

[0152] ( 2 ) HRftom 1 0»feOff^(Cf^4^if 

fiismwiiiK^siatro-t^fciBi^tc. MisFETp B i^-iftf* 

J F»JfifW*nBfc:3lS?rJMifW«2fr»jai-4 (@3 4# 

[0 153] (3) l33 4^-rJ:3tC. nf-v^UMIS 
FETQ n . p^-v^/PMISFETQptO-eiX^fXO^^fc 

*h *t . *^fts« i <^±B5±icy- b*mm3 *mm. 

•th . *SI)56^®iC*3 V y- F Jfe^K 3 toilHtli 
St-f4raffl«ffi<lt«t 0MS^T'# 4*5. *HM<o 
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'-m-t h & . y- b mm 3 oson tcnmE * train 

[0 154] (4 ) 03 5(Cjjr*-J:3(C. n?-**fl/MIS 
FETQ n . p^-v *;l/MISFETQ P <O^ftmO0j£pRt£(C 

[0 15 5] *HSfi^®tC*3^T, y-hTO4li, 
O -t * fc mmtZ, Si 2 H 6 # \Z fc GeH 4 #X fc A £ 

y-x^fc-r-5cvDjfe-?«il$*LS. £*>cvwst::fcu 

T J2 . Si 2 H 6 #X fc GeH 4 tf-XCD^ft ^iX<y)#.X#jE&l>' 

- M&M1R3 tr>t>commzm txGecommt&&m.tz3z 
<oawc»jjtS*i.. *safi^JBfcijv^-cy- bmm4 

h^gg40^^Si 1 . x Ge x -C'^fiS,^il-S>. y'-htg«i4 

Si 2 H 6 /4f^CO»1fS* ? 5sccm. GeH 4 #*<73»5£**lscc 
nu j£flftE:J>#1.3xl0 2 Pa. f£J8?aSj£#WC, j£IgB*ig 

y-MEfiE4{±Si<?DfflJ«itSr0.84 s GeC7DfflfEit5r0.16h 
LJtSi 0 . 86 Geo. 16 T^$fl.S. y-h«i4li. ^5 
-«fflH 2 5 1 1 1 * h >J V y 7 7 * JS»T»Jfi3 

->->7%tLh. Z.<rm&lz.i$\rC , y-bffi«64te 

[0 15 6] y$-«13SJS2 5{±, Il/\-f7 h**ffi 
4E<0|ffia*y-bSffi7Ttt*T#6J:"5l;:, xK 

-y Htt« 4 E t KW*)«CMMES$ . 
JgJBCiJ^T. ^5-«ffi)12 5WiCVDS. 

y y yaarnsui $ ti^si 3 n 4 m&mm $ n . i <osi 3 n 4 

Wi50n^>IMrC]nfi$il«i . y $ 2 5 K{±Si 

3 n 4 mzm%. s tvt s io 2 is^ffiffl-r s <r t * s r s 

-«@J«2 5«4»*ttK«y- h fflllffi 7 lift L T MffiffJ 

[ 0 1 5 7 ] y- h««40»J«ttK{iy- h«S4cO 
*W*«3*eiSlll4AjWtt«$*i4. tft«R4AtH±W 
iJi3»IWtft"C , l«l8S*ifeSiO,Ift&^tSfflWtfl6fflT"* 

[0 158] ( 5 ) mz, i^^fVf'y FV-X • H 

(C. nf-r^MISFETQ n<mjSffl.mz&\^X 

bet s fcftfc: . e^ieitwoi® ^NiMcfstt 5 l £?g 

)£L. 31 & Pf - -v */H«SFETQ p OTgj£ffllttK:&V * 



[0159] #^*fi^55L(i. rs.-tmm25. m 

^HM&BHi 2 RVp+v ^MISFETQ p ^ttfRffi^S 
LTMfflL, 'fjI-yitA&^iOpa^x/^lSl Pco 

Ax^;^'fiJilO— 50keV, H— XiJilO 1 * — 10 1 ^atoms 

/cm2 (cis^-r - 1 *«— SWT* s iiK *mmmmiz 

H^X AsOr±Ax^-;U=^S{il5keV. H -XitilO 1 4 ato 

[0 160] fSMS6Lll ^5-«ffiK2 5. S 
2 Xl/nf-v ^/WMISFETQ n O^B)c«lS5r^ 
( irate-)® 1 2 #81 ) 5- W^i^i A v^. i? t 

T'^^-rD—fttCitffS^BFz^figffl^ix-S.. *Wifi<7)^ 
©CiJ^TBFjWaAX^^JUilOkeV, H-X»(±10 
'*atoins/cm2c7)^fr*^ffl$tl.-l.» ifc, pST^tCii 

B-r ?r y^B^-^ a *>tfmmmz&mx'Z h . 

[0161] Mai<OAs, BF 2 cO-enm<?)-f ^"^iAf^ 
^f^-^aAlcffd^frS^l*®^^-^ 

[01623 (6)137 fc^-T J; 3 C3, n^-r ^vl^MIS 
FETQ n „ p-f-r ^/UMI SFET Q P <r>*tl?1X(T)m®M.mz 

te^xy— bm&4<r>mmz$mmAA$:jr txm/y 
$.-WBM2 5r>mmzy-bmM7i:&f&-t s. y- 

FfflOS7{i:. ***«>JB»fc:*JV^T. y5-«ffil25 
fceolBTX-y^-y^aiiRJtSr^r-riSiOjIRTJB**^ 
Si0 2 JBIt2:CVD&. X^N'-y^iJ>-yjS^CJ;0)KM§ 

ix. fiJcM^^RiE^op^rttx yf-^y^io^a^ 
OSi0 2 JKi£rl^*'rS £ t CJ: 0 y- MH87 

[0 163] (7) ®3 8C*-rJ;dtC, y-bm®4 

s -mffis 2 5 zmtRmzmi-fh . y 5 -«s 
ys-«®^2 5com&zj: <o, y-hm®4±tc 

(i, iK-ff F^SSG^IRifftL^OCl^XU^- 
y <y K«ffi 8 GCDWM ZWo tiib<r> . *r- b ffiOS 7 T'jg 

[0164] ( 8 ) 1!rai^m4 <7>SU&OJ&!U-{££¥2g 

frms[gs§<7)^tro -fe^. fc i«i«tc . m 3 9 J: o 

tw, IK- x-y H«ffiS:ffM-r Iftftt. nf-A'^M 
ISFET Q n iDft^UsSlZfcV ^T^S^^c 5 L±lC^ 1 

$m$g. m2&t$sm<?>*ti-etizm<mmL. y- 

h«@4±tc^l««4 g. Ig2«lsg4mc7)^fx-f^5r 
)i<x«s-r i> h 1 1 . py + SFET Q P cOJg^M 

mza v ^s*^ 6 l±kss i «is 6 g . m 2 mm 
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t><7)MlMm4g. 5g. 6 g, JfS2fRi|!i4m, 5m, 

6 mo-efi^i^iisfi^^^fcv \x mmxmm l 

*!Xt°;?^;W&JI/fT'ffM£ixS<, Il»g, 5 
g, 6g <7>* fVFfUi , S i 2 H 6 #X t GeH 4 h <7)^ 
#X£r V-XtfAb LXmm l , Si 0 . 86 Ge 0 . 16 SrlOnmc^ 

m, 5m, 6m^^Wi, fBlfSi^g, 5g, 6 

4m, 5m, 6mCO^i\^tLiZGelU*fACOffi.m.$:0t l zL 

4±C^fiE;SiX7tmi^4 g, m2m®4mcr,^ix? 
n{iltiai^ll38fc*-r<{5'^4Drtt^«$fL, ^1 

f, «4g,ig2 iggu m^-eii-f tLcr>mmity- h mm. 

7XWi>tih. 

[0 16 5] (9) 04 OlCTjrridC, nf-v^UMIS 
FETQ ncTj^ffilittJ^T— *tO±mS 5 Sr^fiJc-TS 
»fc , «fi>Kt««S«K^nS^NiffB«RfC 5 H * JgjR-T 
Silfcti:, Pf^- */L-MI SFET Q p <7>J£j£«J|StC;fc V vt 

[0 1 663 nMcO^#««5 H«, ±tCnf-**;PMI 
SFETQ ntf>#J«fK«fc:i5lvC iK-f y F®ffi5 E i: 

SMce-? £»o J: ^ fcnS^Wtttf-f ;*>i£AlC «fc 0 

K0iK-f7 H««4 E t LTMSfiSS 1 
4g&tfSg2ffilg4mtCi F-KV^Sfl, ^cOF-f 

i0y-F€@4N*^^t§iT.S„ $<3C, SSlfSi£4 

g, m2m&4mCO^ix^ftlZi L >nW^m%i) { \ i -'e>' 
y^tlZcr>nmTnW^it^tli.COX\ Xl^\-f 
•y F«®4EA^flg$il, PHft(C* l1Rtft5g. S?S2« 
Jg 5 m CO *tl?tl IZ t n&TOfflljg* F — tf > ^ $ <1 CI On 
ffi^RKfttfiSttftS HZ COX\ X K— r -y Kttff 5 E 

AX */Pdf*ti50keV , F — Xfi{±3 X 10 1 5 atoms/cm* CO 

[0167] pffic7)¥3?#fIiS6 Hti, ±t:p-f-v*/W0 
SFET Q p COffitfmmz&^XX. 1^— -f y F«ffi6 E i: 
LT»jR3tL4flSl««6gar«|S2fH*6mt=-ti0rt 

F-e^Six, zcoY-^yf^ixtzvm^ma^m. 



'yx.Ajm 1 N^SSP^tClfitSt^-^i, .IttcJ: 9ffM$ 

S^ttflUiy- F«ffi4 ±f3xW"v~f "/ F«ffi 4 E h 
LT»«Sfl&SSlffl«4 g2KX#2««4mlCfcF- 

t°>-^'$fL, ceo Y-^vyzixtzm^-mmty— v 
WA^tm^ti, pmcoy-hmM4P^m^it 

^lfi«{4g, »2««4mcO-€-iX^ll= 
ipffl^tt** F -^^^tiZcom^UVa^S^it^ 
tihcoX\ xi/^-f7 F«6i4E*^)3!t$ix, [SJ^IC 

tfF-trv^ti.r oriff^ tBfijj&satt'O:* ix h cox , 
iK-t >y H«S6 Ej&9EJ«S*t.£ . pfflTOMHtcU: 

tBF 2 ^ffiffl , ^gtlcoJBlBCtJ l BF 2 OiiAX^. 
;U^rM{i40keV , F -X»{i3 X 10' 5 atoms/cm* COtkftifi 

[oi68] na^Mfe, pm^m.<mcoim&vtzimit 

{iRTA^corx-;PTif*?ixi.. TX-/Ki, ^R(fN 2 

^#8^,4", iw(rccom&xioffi§i 1 ffi>ti?> . 

[0169] 15)04 0 l^-TXS^T LfcVlf&X. ^ 
iftf^5 Lay'5H»A,2:l>±ll5^^^, n 
^+^/W«SFETQn*i{i{a^;-ra . *HSgcO^«tC:i5 
V , nf-p ^-/L-MISFETQ n £0^ -r *>Uj&f8Mi&<?>T 7 
■^yS— mBZiiW— 10 1 8 atoms/en 3 ±®Bfe 5<?0 
F -J — igJKtilO 1 9 — 10 2 1 atoins/ en 3 mm. , ±VM 5 CO& 
■SmZl&O— 2Q0ntim%.X&f8.ZtL& . n^-r ^-/UMISFET 
Qn<7)y- Mi4Nlifi7;l/y- F^«gflij£T"nS 
(■Cia^ $ n , nf - ^/UMISFET Q n {i^E f - r WUMlZ 
t£hC0X\ n^-v ^>;H1ISFETQ n -v 

*jauw^aK»5M^t wcisiMfliSries-r 4 i t 

«® 6 &&S8.Ztl. Pf-V ^./l/MISFETQ p 
-!>. P^-r^/PMISFETQpcOf-v^W^^^F-h- 
iSJKiilO 1 7 —10> s atoms/cm* g« , ±mfii 6«7?-t7 
^-jftgmO 19 -- 10 2 'atoms/cm 3 ±^fiE5<7)^ 
^$<±50— 200nmS)£TffM$ft.& . P-f-V ^/UMI SFETQ 
pcoy- h«©4 PiJfaT;^- F«fiE«iSTpStC 
p^-r ^MISFETQ P Wtm** ^WMtC^r 
•g. COT , pf - -V */UMI SFET Q p ^SftROWSU 

[0 1 7 0 ] nM^*€^. pS^*S50-?-iX-etl.<?5 

*>"i±AfCl^LT(±x^-^ y F*SS4 E, 5E, 
6 E <7)-?-^mco«Bc7)^ - L i ^r^SrRft 

jt"T*^ftty<'y 7 rmt LXMz.l$S\Q l W& : m&L-tZ> 
z\b-t)W£ L\>\ 

[0171] (10)114 1 fc*-f J; p K, n^^^;U-M 
ISFETQnOXP^-f- y F«H4 E±tC^'J-9--f Fm 
i8G. x^-T- y F«K5E±fc:^U-9--f FHIB8 
M, p^-v^;PMISFETQp£7)X^— r- y F®ffi4E± 
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(C^'J^M HfiSG. II/^-f7 Kti6E±Cy 
& « *H)ifS^.llt;tJ t *T 'J 1M 8G, 8MC0 

oSi y H(i. ^fll/\-f7 PSi4E, 5E» 6 E<0 
**»Kl±*5£ffiKColBL ^-r-yTJfk LT<OTiNJK 

ixh. z.0>zom$imw&%m*fr. 5oo°ccoa*-c6o 

»B^T--^«rfTo3ta» *gtJfrOCo|g|£|&*U 51 
£ 750°C(! r )agT30g.f a 1<?5T--^Srfi : 9 2 gpgT 

[0 17 2] n^-v^MISFETQntCfcUT, isVy-j 
T'ffM $ titzm 2RK4n CT)^ < k fc 2 4RW 

XK-x y h*m^4E<^mifI^4 gtfDWffitt^U-^ 
4 K«ffi8 GtZteSS 1 «*£4 g^Ge(i-|r^ £ k 

< k i -&£g& 2 mm 5 n olWrCS' f 1M F-fc-T & 
-klCiO?fMSill»<7)T. S^UlM KttS8MC(*Ge 

T. a'lUM K1gfii8G{ixK— F*ffi4E<7)Ge 
Sr#4^v«iTBfi!t$ix^SI2«iS4p£0^ir< k fc- 

h'SS4EcO|glffiJ^4 SCO 
mwt*>> -f K^^O-'- HMT7 TSUrfrC 
<OT", v-UlfW Kmffi8G{2{J^l«ttj4 gOGe(±-t-t 
ftS,! k* {: $:v\ $^>C y'Jt'f Kl®8M(ixK 
HISffi6 E<0GeSr^-4^V 1 >SiT*ffM$iXit^2$i 
M6 p n^r< i t,-«S»2««6 pO«fil«IT^ 

•Jim Yitthztt,zi.*)m$.Zi\h<7>x\ ^ v ■*)-■< H 

mil 8 M ic(iGe**-£r £ fx^r v> . 
[ 0 1 7 3 ] =5t£k M^4^^Wi:ffiS*# 
♦Wfcfltia»<0«aro-feX'eK^BL3tJ:9t:. 04 lfc 
(i (03 3t|3im) IU^-T7 5E, 6 

EO-HveftoaS2fgt£4n. 4 p. 5n, 6pli- gff 

tx'jt^ Hit8G knf&nmm&ji. xk-t-v 

nm® 5Ebi/ i j vnm 8 M k OSM^ScSt. XK 



V^fT.t«^$-frS«-^tZ{i. $2i«4n. 4p, 5 
n, 6p0^fLmti^T^U-9--f Ftt^ftSCkA* 

[0174] (11) Wift05« 1 ^|©fe^^(^^>¥ 

0 , mffifi IK h/y/'ti 1 2 . as*e^ 

113. gflgEFL 14. 1 5 O^ii-Pfifc HKWBjR-r 
iitfclO. miasms 3 3 fc:Sct^«tt<o®«8tc«S 

[0175] £cDj: d £ffi&3ii*3^ttJMKIslB(;:ti 

tH'bilS^fcjD^T. iK-f'v Km® 4 EiOSi 

Geffljj«$ i ««4 s town a*y- h ran 7 -c-s 

htltz^mX'^ V *M FMzi. 0 v U -»M Kit® 8 G*>* 
m&.Zi\&cr>X\ i/VVf K«®8Gt;«J: 0-^Ge^ 

?wciK-f7 hxs ■vfm.m&ffi&L-t&'Wtf- 
ry-Km®x{±^v-Km® (±ms) icxt^df 

y+y«StT«$W;i^-f -y HT 7- K«® 
XliXl/\-f -y V— KmflS^ffM-T S Jf — H 

[0 177] 

i k ic j: 0 , tm. \-fzmm&£%h z. t &x% , m^. 

[0178] S2C. htfKK-try 

wwEmitm, m«e^ffitt^tpj±$-i±§ 

£k**T£ &MISFET*#ifcipS»#WMlliI»*a«-r* 
ik* J Tl=-g.„ 

[0 1 79] #^12. i3C, »15fetXfc*2<«MI 

ttfix'^h. mz. mmmismcr,^^ixcr> 

^ ^/^m^MISFETtCiiV^T tagtLfcBKtWE*' 
[0180] H4 A 1 ^)Mlg3cO$!j*<7) 

^<ktu-m* i l-p^o5^;m^^#sc:k^r§. 
^ s^^maEiK5:««-r h z k s . 
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[oi sn *&m±. S5c. mi7bmm3<o^cr> 

tCMISFETOX-f y ^^WtiUatfBt^t/CflHGi 

«£rt:£»5iir& £ k#-cs . msmftxmnmum. 

6 £ b tfX'Z h . fttC^SSBJii. MISFETO^ 
£ k HZ J: 0 , MISFETcD* 4 -y f-V^tW jtSOiSjf -IbM 

Wtt**IIIK*it«-*-4 £ k 5 . 
[0 1 82] *%BHi±. JB 17*301*5 

^ < k t Wf 1 o*)»*«r»S £ k tfX'Z . $ h 
tC«JtXSR*««S*4 £ k **TS ft ¥*tt*WISIR 

fflMSMISFETcOSimSm^ ««$-£ft £ k#T£ ft¥ 

[0183] *»BHti. ^7 CC. XW<— r-y Fttff* 
fi|i.f>:MISFET<7)y-x^|iS.t>'HU-f >-m® 
<7)i^ n— ft*0 9 , MISFET^8fcffl-ffc£ JI^S £ b lz 
iO. *««*flx3tf&£fc#TSft¥«f*«lil» 
£Jg«-t&£k ft. 

[0 1 84] *7W3»iR*»4£i: 
BS*-ftS:»S-r 3 £ k *f-C§ ft¥?*f*iMWIl»£it« 

-tft£k* { T-£ft. 

[0185] ^9 lc. 3R7X«*8<^** 

Wft £ k * { T*£ , S^KXl^— x-y F*S&ki''J-«M 

KfflsiMWfl-fcfc^&SW-ft £ b#?% ft¥3Sf*ft 
WHI»*aflW«. £ b **T'S ft . 
[0 1 86)*iB|IJ, Sgl OK. SfS7;P;SlfS903&J|| 
Srttft£k**T'#. Sfcfc«jSlgft£tt*$tfft£fc 

[0187] *JB^i. SI 1 te. Sgl Jb^M 10^ 
m<r>'J?%< b t> 2kJLL^*£|5|B#ie#ft£ k#T'£ & 

ft£k#T*#ft. 
[0ffl<OfS#^:UiBB] 

[HI] 1 0HSft0^ffi(c«§^*m«II] 

SSWffl«SMISFETgp^^*f BSS^jtllT'* ft . 
[02 ] ^^co^lO^gO^lC^SfflltSMISFET 
c^BHTftft,, 

[03] ( A ) tt*»Pl*)ft 1 cr>mm<7)Bmi,Z& ft rtf- 
Y */HU SFET^If ifffl&ggBBrffifli^ia . ( B ) J4*fMH 
0« 1 <r>mk<DBm< l Z{&&pJ-r ^/PMISFETCOPSB^S 
9SBIifflfl§jI0Tftft. 

[H4 ] *&,tycom 1 cosu»£t7)ff^tc^ «, hmmm. 



m& bsiGe®.mtb<omi%~:m-mT°bh. 
ims] *wR<nw. 1 comtmmmizi^ 7- hwmm 
m&e>(vmzbsi Gemmt busmmb <?m& z^-frnx* 
ftft. 

[06] *^«^^ 1 astttoxiJB&flisy- hmmm 

mfr$><D%i-Z b SiGeffl^Ltt b BjftK b tfOHHSR 
ft*. 

[07] *^BflcomicOHJ6^SIC^*lgjt7 , 'n-fe^ 
3. 

[08 ] mtwnm 1 cow£^®^«*^«=m«ii] 

»^:Dll»rffi0-Cfc4. 

[09 ] *minf&i<7)mmcmmz&&¥mmm® 

8&cOXSB?Tffi0T'ftft. 

[010] *%BJ<7>m 1 OUSfcO^HSCCflSft 

08&tf)Xg»iB0T'ftft. 

[0113 *&ty<r>minmmcoBmizm&*mimm 
[012] *#h«>sii 1 comte<oBmiz&&*mmm 

0SS<7)XfI»r®0T-ftft. 

[013] ^Bjom 1 nm&coBmtzffi&^mmm 
[0141 «b^h 1 ^nsfiomm^fs * ^«#*» 

0SS<7)XSif®0T'fti»„ 

[0153 *»bjoss 1 ^HSfeco»©(c^S^#^« 
0KOXSWfB0T'ft*„ 

[0163 *wn<rym 1 onsgo^©^ss^«cs® 

ES-SOXS»fffi0X'ft&. 

[017 3 1 ««SS^ffil^S^»Mi 

0?5<oxa»?s0T'ft*. 

[0183 1 <F>mM<r>%miz&h *mmm 

mmjummmx-hh. 

[0193 *%BJ5<03fl 1 ^HS6^©lc^|,^?iE#*« 
0SgOXSBr®0T'ft*. 
[0203 **9J0MS 2 cOHSfeO^tc^ * y- h 

[0213 2 3 y- F *SE 

[0223 (A) % (B) . (C) . (D) . (E) (i 

\ ^-tti i> *¥twnm 3 nmmwBmizfa h *mmm® 

K^nf-r^;PMISFETOi¥*a^SS|5lRB«jt0T'ft * . 

[0233 *^BJom4c0SIJ6O^(C^S^aif^a 
ES&OfflffiSMISFETgB#$r^-f BffBfSJIET'ft * . 

[02 4 3 *%^ C T)m4£0llteO^(C«*xK-7 i 
•y H«ffii?5*H*><5><Og|5$i:SiGea«ltf:<ORI««:5?^- 
0T'fti.. 

[02 5 3 *WR<rM 4 COUSIN® t«{iK-f 
•y H«fiiO^®*^«^$kSiGefflfiSifck^Kf*^^-r 
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[027] *M«S4 

[0 2 8 ] *^(7)^4 ^^m^S&^ttSMi 
@S§<7)XfIB5T®E|-e*>&. 

[El 2 9 ] *&BJ!<0»4<7)||^^«{C&&^#*m 

®ffi<vxmmwmx'$>2>. 

[03 0 ) ^B^m4^JS<73^®{C^^^«:^® 
[03 1] *^^4cr)^5fe^®(c«-S^^*S 

[H3 2 ] *&BMcom4commcDBBfcm&¥mmm 

®8Scoxg®TS0T3 s >S „ 

[03 3 i *%w<7)m5commcr>mmzm&!m&Mm 
[03 4] *&BM<?)m5cr>mMcDmmiz&z>wmyv-t 

[03 6] *&wnw5wmi&<v&miz&&!m#Mm 

[03 7 ] *^^5co||]54co^S^^I.^*mSf 
H]8&^XSBtB0T-J>^„ 



[0383 *jmpm 5 <ommmmiz& h *mmm 

[0393 *&*R<vw>5<vmm<r>Bmz&h^vmm 
®s%cr>jMmmmx'fc&. 

[04 o 3 *&annm5<omm<oBmizi%&¥m#Mm 

[04 1 3 *%B^m5^»J6<?)^®tc<S-g>^^« 

®s%<DJ3zmmmx'h2>. 

1 

IP. IN *>xA^Ii$ 

2 *^frgtfS?flS 

3 y-h^n 

4P, 4N dr'-hWBk 

4p, 4n, 5n. 6p 

4g, 5g. 6g Jfll 
5. 6 

5L, 5H, 6L, 

4E, 5E, 6E 
7 y-hWM 

8G, 8M v-'JlM H«fig 

io. 13 misumm 

11.14 SHftTL 

12 ay?? hT^ymm 
i 5 leig 

Qn. Qp MISFET 



m2m® 



6H ^mm<c«Rw 



[01 3 



[023 




2 

4P,4N 
4p,4n 

H 

5,6 

SLfB 
6L.6H 
7 

SGJBM 

10J3 

11,14 

11 
is 



g- S *»« 
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[03] 



im4] 



(A) 









3"\ 











w 

Qp 



wmwm 



IN ^ M 1/ Z A 

ir IP 



Si-Gem&tt 



1.0 

as 

0.6 
0.4 
0.2 
0.0 



2L 



Si 



41.6mn 



Gt 



0.0 0.0S 0.10 0.15 030 



[05] 



[06] 



Si-GeWLtt 




(cm 3 ) 



0.0 0.05 0.10 0.15 030 



1.0 



0.3 



Si 



4I.6nm 




10" 
10 19 



(cm*) 



0.0 0.05 0.10 0.15 0.20 

y~ tmm&mfr*<DM2 (Mm) 



[07] 



<Qa> 



IP 



EE 



<fip> 



n-weU 



[08] 











ivy 
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[@93 [ilO] 




[Ml 1 3 



[(21 2] 




Mi.--' x 











[013] 

[Ell 4] 
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[019] 



[020] 




1.0 

as 

0.6 
04 
0.2 



0.0 



IM2 1 ] 



4n,4p ^ 4g 




Si 



41.6am 




0.0 0.05 0.10 0.15 OM 
V- h*«*ffi*>£(03&;* (Urn) 



y-Hi 4N.4P t ? 




0.0 0.0S 0.10 0.15 0.20 



[024] 

X U*- T y 5E,6E 



Si-GeWZtt 



1.0 
0.8 
0.6 
0.4 
0.2 



0.0 
0.0 



5n,6p 



±18 5,5 



sijum. 



20.O 4O.0 60.0 
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[022] [023] 
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im29] [030] 




[033] 

[03 4] 
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[036] [037] 




[038] [039] 




(72) mm *a -« 
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F^-A(##) 4M104 AA01 BB36 BB39 CC01 CC05 

DD02 DD16 DD43 DD65 DD84 
FF13 GG10 HH14 HH20 

5F040 DA06 DA10 DA13 DB03 DC01 

EB03 EC02 EC05 EC07 EC13 

EF02 EF14 EH02 EJ03 EK05 

FA07 FA12 FB02 FC06 FC09 
FC21 

5F048 AA01 AA07 AA09 AB01 AB03 

AC03 BA01 BB04 BB08 BB10 

BB13 BB16 BB17 BB18 BC05 

BC06 BC15 BC18 BD04 BE03 

BF07 BF11 BF16 BG13 DA25 
DA27 



A 



